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iv PREFACE.

difficult of solution, has already been productive of valuable
results, in setting geologists at work again over a country
once thought to have been nearly exhausted of geological
novelties.

But perhaps the discovery of a large granitic boulder in
the heart of the Chalk of Croydon (p. 972) has been as
prolific a source of geologic argument and romance as any
fact lately brought forward. The outlines of the old creta-
ceous ocean and its archipelagos,—its shores and sea-deeps,
its sea-weeds and drifted shells,—the jungles of its coasts,—
and the possible icebergs of its northern limits,—offer a wide
field both for the strict physicist and the imaginative geolo-
gist. With this subject is closely connected the probable ex-
istence in the early part of the Cretaceous period of a ridge of
rocks, chiefly belonging to the coal-measures, ranging across
the South British area, as explained and illustrated of late by
Mr. Godwin-Austen (see p. 756, note). The presence of this
old ridge in the cretaceous ocean has had two important
results. In the first place it gave rise to local shingly de-
posits, interrupting the general succession of the sands and
clays older than the Gault, and has thereby rendered it un-
likely that we shall be able to obtain from beneath London
such a supply of water, by means of very deep Artesian
wells, as has been obtained at Grenelle from the Lower
Greensand ; and, secondly, it has probably borne up, as a
part of its constituent mass, some coal-beds, continuous
with those of Belgium on one hand, and of Somersetshire on
the other; thereby possibly affording coal in deep borings,
in this district.

In the study of fossils, so many new and interesting facts
have been elucidated, that we can only refer to a few: such
as Mr. Beckles’s further discoveries among the Mammalia
and Reptilia of the Purbeck period, and his discovery of the
bones of the entire foot of the Iguanodon, which, being
three-toed, may well fit some of the fossil foot-marks de-
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s -F i 6. G 1 view of the Oolite and Lias. 7. The Oolite or
Roe-stone. 8. Geographical distribution of the Oolite. 9. Rallway-sections. 10. Sub-
divisions of the Oolite: Portland Rock. 11. Kimmeridge Clay. 12. Oxford Oolite or

Coral-rag. 13. Oxford Clay. 14. K« ays-rock and C . 15. The Cotteswold
Hills. 16. The Stonesfleld 8late. 17. Organic Remains of the fleld slate. 18.
Fossil M, lia of fleld. 19. C of the Stonesfield and Wealden
¥ossils. 20. Lith stone of G y. 21. Coal-bearing strata of the Oolite.
22. Collyweston Slates. 23. Coal-bearing Oolite of Brora. 24. Coal-bearing Oolite of
Eastern Virginia. 25. The Lias. 26. O i ins of the 2.
Zoophytes and Rad 8. 2. C and Insects. ao Flahea.

31. Reptiles of the Jurassic S8ystem.

1. ZooroaY oF THE CHALK.—The examination of the
Cretaceous and Wealden formations has afforded an in-
structive exposition not only of the nature of oceanic and
fluviatile deposits in general, but also of the condition of
animated nature at the close of the geological cycle which
comprises the secondary epochs. It will therefore be ex-
pedient in this stage of our inquiry to consider the general
features of the animal kingdom during the periods embraced
in this review. .
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In the ocean-ped of the cretaceous period, we find vestiges
of all the principal groups of existing marine organisms ;
comprising many genera of the Shark-family—viz. species of
Cestracion, Lamna, Corax, &c.; with fishes related to the
Chimera, Salmon, Mackerel, Basse, &c. ;—in fact, the lead-
ing types of the majority of the fishes that inhabit the pre-
sent seas.* The Cephalopoda (Cuttle-fishes) and Echino-
dermata (Sea-urchins, Star-fishes, and Encrinites) were
profusely developed ; cristaceans allied to the Hermit-crab,
Lobster, Water-flea, &c.; univalve and bivalve mollusca ;
and innumerable multitudes of Sponges, Bryozoa, and Fora-
minifera ;—all these forms of animal existence have left en-
during memorials of their presence in the seas of those re-
mote ages. And, although we have likewise proof that
numerous extinct genera, together with others now of ex-
cessive rarity, swarmed in prodigious numbers in the creta-
ceous ocean, and negative evidence that the Cetacea (see
above, p. 825), as the Whale, Porpoise, Seal, &c., were not
among its inhabitants, yet the diversified types of animated
beings whose relics are entombed in these strata show that
the waters of the deep possessed the same general conditions,
and maintained the same relations with the atmosphere and
with light, as at the present time.

The most remarkable peculiarity in the zoological features
of the Chalk relates to the abundance of marine Reptiles;
for, with the single exception of a lizard belonging to the
family of the Iyuanids, which inhabits certain parts of the
sea-coasts of South America, the Chelonians or Turtles are
the only known existing marine animals of this class. But
the cretaceous sea was tenanted by several Saurians of con-

* See the chronological table in M. Agassiz’s Recherches sur les Pois-
sons Fossiles, tome i.; and Morris, Catal. Brit. Foss. p. 316, &c.

t+ The Amblyrhynchus crist of the Galapagos Islands: see Mr.
Darwin’s Journal, in the Colonial Library, p. 385; and Lyell’s Manual,
p- 326,
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In fact, the islands and continents of the late Oolitic and early
Cretaceous epochs, during which time the Wealden deposits
were being formed, appear to have possessed many similar
zoological and botanical characters. Here then we have the
first glimpse of extensive regions almost exclusively inhabit-
ed by enormous reptiles: for, though the leaves and fruits
of delicate plants, the fragile bones of birds and flying rep-
tiles, the wings of insects, and the brittle shells of molluses
with their ligaments and epidermis remaining, are abund-
antly found imbedded in the sediments of the rivers and
seas, but few traces of mammiferous animals, and those of
small size,* have been discovered in the Wealden deposits.
‘We have now approached the Age of Reptiles ;—that geo-
logical epoch, in which the earth swarmed with enormous
oviparous quadrupeds, and the air and the waters alike
teemed with reptilian forms.

8. SITE OF THE COUNTRY OF THE leuaNopnON.—Before
we pass to the investigation of the older secondary form-
ations, I would briefly reconsider the question as to the
geographical position of the principal tracts of country dur-
ing the deposition of the Wealden and Cretaceous strata;
—whether England was then dry land, and enjoyed a tropi-
cal climate; and whether turtles, crocodiles, and gigantic
lizards here flourished amid groves of tree-ferns, and other
productions of intertropical climes; or, on the contrary,
whether the country of the Iguanodon was situated far dis-
tant from the area now covered by its spoils P

The unequivocal marks of transport which, as we have
seen, the fossils of the Wealden so generally exhibit, seem
to demonstrate that the reptiles and terrestrial plants could
not have lived and died in the regions where their relics are
imbedded : for, with the exception of the beds of river-shells
and minute crustaceans, and the plants which indicate a

* The Spalacothere and Plagiaulax, and their allies, in the Purbeck
series,
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not suppose that the rate of subsidence was hastened at the period when
the displacement of a great body of fresh water by the Cretaceous sea
took place. Suppose the mean height of land drained by the river of
the Wealden estuary to have been no more than 800 or 1000 feet; in
that case, all except the tops of the mountains would be covered as soon
as the fundamental Oolite and the dirt-bed were sunk down about 1000
feet below the level wkich they occupied when the forest of Portland
was growing. Towards the close of the period of this subsidence, both
the sea would encroach and the river diminish in volume more rapidly;
yet in such a manner, that we may easily conceive the sediment at first
washed into the advancing sea to have resembled that previously depo-
sited by the river in the estuary. In fact, the upper beds of the Wealden,
and the inferior strata of the Lower Greensand, are not only conform-
able,* but of similar mineral composition.

It is also a remarkable fact, that the same Iguanodom Mantelli
which is so conspicuous a fossil in the Wealden has been discovered near
Maidstone, in the overlying Kentish-rag, or marine limestone of the
Lower Greensand. Hence we may infer, that some of the Saurians
which inhabited the country of the great river continued to live when
part of the country had become submerged beneath the sea. Thus in
our own times, we may suppose the bones of alligators to be frequently
entombed in recent fresh-water strata in the delta of the Ganges; but, if
part of that delta should sink down so as to be covered by the sea, marine
formations might begin to accumulate in the same space where fresh-
water beds had previously been formed; and yet the Ganges might still
pour dowri its turbid waters in the same direction, and transport the car-
casses * of the same species of alligator to the sea ; in which case their bones
might be included in marine as well as in subjacent fresh-water strata.”

4. LITHOLOGICAL STRUCTURE OF THE 16UANODON COUS-
TRY.—The nature of the rocks and strata of which the
country of the Iguanodon t was composed is also a subject
of considerable interest; and from the first moment that
the fluviatile origin of the Wealden suggested itself to my
mind, to the time when I was compelled by ill health to quit
the field of my early researches, I lost no opportunity of
obtaining data by which the problem might be solved, and
carefully examined the pebbles and boulders, and the fine
" ® The Rev. C. Fisher points out the exceptional unconformability of

these deposits in Dorsetshire. Trans. Camb. Phil. Soc. vol. ix. p. 556,
7 See also Petrifactions and their Teachings, chap. 3.

et
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from whence the fine particles of sand and clay were transported. . . . .
We should be inclined to look for these lands either in Devonshire or
Cornwall, on the west ; or in the nearest primary and transition mountains
of the Continent, viz. in Normandy and Brittany, on the south-west ; or
in the forest of Ardennes, on the south-east. It is not probable that
the materials of the Wealden formation have been derived in any great
degree from the detritus of the Oolitic series, because in such case we
should have found among them an admixture of pebbles of Oolite, none
of which have yet been noticed.”* ’

Of the seaward extension of the delta of the Iguanodon
river, no oertain indications have yet been obtained : + but
it is evident that there must have been intercalations of the
detritus and organic remains of the land and fresh-water
with those of the sea into which the mighty stream dis-
charged its waters; and there can be no doubt that sooner
or later such fluvio-marine Wealden strata as those at Pun-
field and at Beauvais, when studied more extensively,
will be found to throw much light on the history of the
‘Wealden.

5. Lower SecoNpaRY ForwmaTIONS. — In accordance
with the chronological arrangement (p. 202), I proceed to
the consideration of the antecedent, or lower, group of
the secondary formations, namely the Oolite,} Lias, and
Tyias. As a whole, the series consists of alternations of
clays, marls, limestones, sands, and sandstones, abounding
in marine exuvim, and which have evidently been deposited
in the basin of a sea or seas. With these strata are inter-
calated in some localities beds of fluvio-marine detritus, in

® Geol. Trans. 2nd series, vol. iii. p. 430.

+ Mr. Godwin Austen’s Map, Pl. 1., vol. xii. Geol. Soc. Journ., and
his observations, op. cst. p. 66, should be consulted on this subject.

1 The Oolitic and Liassic rocks may be conveniently considered un-
der the single term * Oolitic,” or, still better ‘ Jurassics.”” As the
Jura mountain-range comprises the whole series of these rocks, the con-
tinental geologists, dividing them into groups, know them as the
“ White (or Upper) Jura,” ¢‘ Brown (or Middle) Jura,” and * Black
(or Lower) Jura,” and collectively as the ¢ Jurassic formation.’
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the origin and nature of the deposits, to comprise it ina
general survey of the Oolitic or Jurassic series.*
THE OOLITIC OR JURASSIO GROUP.

Upper OoLITR
of the Isle of
Portland, Wilts, J
Bucks, Berks,
Oxfordshire, &c.

MippLe OoLiTE.
Wilts,Oxfordshire, 4
Yorkshire.

|

Lower OoLrTE.
Wilts, Somerset,
Gloucestershire,
Oxfordshire, <
and Northamp-
tonshire.

“

[

OOLITRE.

1. Portland Stone, and Portland Sand ;—lime-

stone, usually white, with layers of cherty
flint ; green and ferruginous sands: .Ammo-
nites, Terebre, Trigonie, with other marine
exuvie ; some bones of reptiles, and drifted
wood.

Kimmeridge Clay ;—blue clay, with septaris,
bands of sandy concretion, and bituminous
shale; marine reptiles, fishes, shells, corals,
and other organic remains.

. Calcareous Grit and Coral-rag ;—sandy lime-

stone, shell-limestone, and limestone composed
of corals, with shells and echini.

. Ogford Clay ;—blue clay, with septaria; a-

bounding in fossils : a ferruginous sandy lime-
stone, called Kelloways-rock, full of shells, is
subordinate to this clay.

1. Cornbrash ;—coarse shelly limestone, with clay.
2. Forest Marble, and Bradford Clay; —fissile

arenaceous limestone, coarse shelly oolite,
sand, grit, and clays.

Great Oolite ;—Oolitic limestone and calcareous
freestone ; sometimes rich in shells. Stones-
JSield state ;—fissile oolitic limestone, contain-
ing remains of conifere, cycadee, ferns, and
algee, marine shells and fishes; insects, reptiles,
and mammalia.

. Fuller's Earth ;—marls and clays, with fuller's

earth, and sandy limestones with shells.

. Cheltenham or Inferior Oolite ;—coarse lime-

stone, with masses of trigonie, gryphee, and
terebratule ; freestone and pea-grit ;—ferru-
ginous sand, with concretionary blocks of sandy
limestone.

# In the Map, P1. I. vol. i., the Oolite and Lias are denoted by the
sune colour and number (4).

i
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Lower OoriTE
of the <

. Yorkshire coast. 3.

Lower OoLiTE

of .2
Brora in Scot-
land. L 3
r 1
Liuas
of
Dorsetshire,
« Somersetshire, 9
Gloucestershire, <
Northampton-
shire,
and Yorkshire. 3
-

1

Cornbrash ; a thin bed of rubbly limestone ;
which in many parts is a mere aggregation of
shells and other fossils.

Sandstones and Clays, with land-plants ; ¢kin
coal and shale ; calcareous sandstone and shelly
limestone (Great Oolite).

Sandstone, often carbonaceous with clays, full
of leaves of terrestrial plants ; beds of coal and
tronstone,

Limestone, ferruginous and concretionary

sands,

Shelly limestones ;—alternations of sandstones,
shales, and ironstone ; with plants,
Ferruginous limestone, with carbonized wood,
‘leaves, shells, and cypride.

. Sandstone and shale, with two beds of coal.

LIAS.

. Upper Lias shales and limestone (Alum-shale

of Yorkshire), replete with remains of fishes ;
reptiles, especially Ichthyosauri and Plesio-
sauri ; Crinoidea in profusion ; Crustacea; be-
lemnites, ammonites, &c.; jet at Whitby.

. Marlstone—calcareous, sandy, and ferruginous

strata, rich in belemnites, ammonites, pectens,
and other fossil shells ; wood, ferns, and cyca-
deous plants.

Lower Lias shales and limest abounding
in shells, Plagiostoma giganteum, Gryphea in-
curva, &c.

This list, extensive as it appears, exhibits only the princi-
pal deposits comprised in the Oolitic system. The difference
observable between the lower beds of the Oolites of the
South-western counties and those of Yorkshire and Scotland,
in the presence of accumulations of vegetable matter in the
state of coal, with the remains of terrestrial plants,—and
the occurrence of the relics of Zamiwm, Insects, Reptiles, and
Blammalia, in the Stonesfield slate, are of great interesk, {or



492 THE WONDERS OF GEOLOGY. Lzer. V.

they attest the existence of land, and the action of rivers
and currents. Our previous observations on the nature of
oceanic deposits (vol. i. p. 57) will have prepared the intelli-
gent reader for such intercalations of terrestrial detritus
with remains of land-animals in the deposits of the ancient
seas.

7. Oor17E OB RoE-8TONE.—The limestones of this form-
ation have very generally a peculiar structure, being com-
posed of an aggregation of small rounded grains or spherules,
presenting some resemblance to clusters of small eggs, or
the roes of fishes; whence the name Oolite, or Roe-stone,
which is now applied, not only to limestones possessing this
character, but also to the entire series of deposits which in-
tervene between the Chalk and Wealden above and the Lias
below. On the Continent the group is generally termed
« Terraine Jurassiques,” from the Jura Mountains that di-
vide France from Switzerland being largely composed of
these deposits.

The oolitic structure is not however confined to this divi-
sion of the secondary rocks; for it occurs in recent, in ter.
tiary, and also in some of the most ancient sedimentary
strata. It comsists of an aggregation of grains or globules
of caleareous matter, composed of concentric laming which
commonly have a particle of sand, a minute shell, or a frag-
ment of shell or other organic substance, as a nucleus.
These globules owe their formation to the deposition of suc-
cessive spheroidal concretions around the included body
while subjected to the action of water in which a rotatory
motion is induced; and the spheroids continue to increase
until they become too heavy for further transport, and then
subside, and are consolidated by subsequent infiltration.
‘When the individual spheres are of a large size, the aggre--
gated mass is called pisolite or peastone. The springs near
Carlsbad deposit a beautiful conglomerate of this kind,

some masses of which are sufficiently compach to sAmit &
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being manufactured into boxes and other ornaments. Polish-
ed slices exhibit every variety of sections of the concentric
layers of which the concretions are composed; and, as the
colour varies from a pure white to a delicate brown, the sur-
face is elegantly marked with zones of various tints.

8. GEOGRAPHICAL DISTRIBUTION OF THE OOLITE.—The
strata above enumerated form a striking feature in the phy-
sical geography of England, from the southern shore of
Dorsetshire to the Yorkshire coast. They constitute a
table-land of considerable elevation, the greatest heights
amounting to 1500 feet, which extends in a tortuous line
from the Dorsetshire coast, through Somersetshire, Wilt-
shire, Gloucestershire, Oxfordshire, Northamptonshire, and
Lincolnshire, to the eastern shores of Yorkshire. This tract
generally presents a bold escarpment to the west, and slopes
gradually to the east, dividing the eastern and western drain-
age of that part of England.*

Certain subdivisions of the Oolite predominate in parti-
cular localities ; thus, the Oxford Clay prevails in the mid-
land counties,—the grey rubbly limestone, called Cornbrash,
at Malmsbury, Chippenbam, &c.,—the Forest Marble, in Ox-
fordshire and Somersetshire,—the Great Oolite, at Bath,—
the Stonesfield Slate, or rather Tilestone, near Woodstock,—
and the Inferior Oolite, in the Cotteswold hills.

The Lias forms a district that lies parallel with the
escarpment of the Oolite, from beneath the base of which it
emerges ; it traverses the country from the well-known cliffs
at Lyme Regis in Dorsetshire to near Redcar, on the York-
shire coast.t

On the Continent the Oolite appears in Normandy, and
its characteristic fossils prevail in the quarries around Caen ;

"diverging into several branches or ranges of hills, it tra-

# See Geology of Yorkshire, by Professor Phillips.

+ The Western boundary of the Oolites is shown on M. Godwm
Austen’s map, Geol. Journ, vol. xii. pl. 1.
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verses France, forms the chief feature of the Jura Moun-
tains, and constitutes part of the Alps; and in the latter,
strata belonging to this system appear greatly altered in
their mineralogical composition from the effect of metamor-
phic action. The Jurassic series of Germany,* contains the
lithographic stones of Pappenheim, Solenhofen, and Mann-.
heim, some beds of which are celebrated for the beauty and
variety of their fossil remains.

Jurassic rocks occur in Spam, Algeria, Sicily, Italy, Croa-
tia, and the Carpathians; also in Bussia, the Crimea, the
Caucasus, Persia, and Syria. Jurassic fossils have been
collected in Cutch,t in the Himalay as,} in Central India,§
in South Africa,|| and to a small extent in North America.§
The eastern coal-fields of Virginia are referred by some geo-
logists to the Jurassic period. Oolitic fossils are also stated
to have been discovered in South America.

9. RATLwAY-sECTIONS.—In & previous Lecture (vol. i. p.
878) we described the sections presented by the South-East-
ern railway as affording a coup-d’wil of the geological struc-
ture of that part of England: in like manner the lines that
traverse our island in other directions enable the instructed
observer to obtain a general idea of the geographical distri-
bution and pomtlon of the principal groups of the rocks and
strata.

More than a quarter of a century since, the information
to be derived from such a survey was admirably pointed out
by Conybeare.** “If,’ observes that eminent geologist,
“we suppose an intelligent traveller taking his departure

* For a comparative view of the Continental and the English Oolites,
see Fraas, Quart. Geol. Soc. Journ. vol. vii. part 2, p. 42; and Oppe!,
Wirtemberg Nat. Hist. Soc. Journal, 1857.

+ Geol. Trans. 2 ser. vol, v. p. 297. 1 Geol. Soc. Journ. vol.
vii, p. 306. § ZIbid. vol. x. p. 372, and xi. p. 376,
|| Geol. Trans. 2 ser. vol. vii. p. 193. 9 By M. Jules Marcou.

** Geology of England and Wales, p. ii.
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Chippenham, Calne, &c., to which we shall allude here-
after.®

10. SuspIvisioN oF THE OoLiTE :—PoRTLAND OoLITE.f
—DBeds of limestone having the roe-like structure above de-
scribed form a principal lithological feature of the calcareous
portion of the Oolite ; but the uppermost deposits consist of
shelly freestones, of variable structure. From the great em-
ployment of certain beds of this stone for architectural pur-
poses, and the extensive quarries that have for centuries
been worked in the Isle of Portland, this upper group is
called the Portland stone. In the south of England, as we
have already had occasion to mention (p. 897),} the Port-

land beds are covered by the Purbeck (Wealden) strata, in-
cluding in some places layers of vegetable mould and petri-
fied upright trunks of coniferous trees. The lower part of
this group is composed of a bed of sand (Portland sand)
from 50 to 80 feet thick, which gradually passes into the
underlying clay. The fossils of the Portland beds are very
numerous; large ammonites, pleurotomaris, cerithia, trigo-
nim, pectens, oysters, &c., and bones of saurians, with drift-
ed coniferous wood, are among the prevailing organic re-
mains.§

® See Medals of Creation, vol. ii. ; Geological Excursions to Clifton,
P- 864; and, for the section exposed by the Birmingham and Derby line,
Excursions to Matlock, p. 867.

Mr. Hugh Miller contrasts the appearance of these railway-sections,
in which the strata have a low angle of inclination (as usual withthe |
secondary rocks of England), with those of the line from Glasgow to
Edinburgh. There every few hundred yards in the line brings the tra-
veller to a trap-rock, against which the strata are tilted at every possible
angle of elevation. See * First Impressions of England and its People.”

1 For details of the geological phenomena exhibited by the beds below
the Chalk and above the New Red Sandstone, in the south-east of Eng-
land, Dr., Fitton’s elaborate memoir, in the Geol. Trans. second series, .
vol. iv., shoyld be consulted.

1 See also Geological Excursions round the Isle of Wight, &c. p. 286,

§ As a British locality exhibiting the Portland strata and their cha-
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by the abundance and variety of its organic remains. Some
localities in Wiltshire are celebrated for the state of perfec-
tion in which many species of extinct Cephalopoda occur.
At Christian Malford, near Chippenbam, the cuttings for
the Grreat Western Railway brought to light specimens of
the soft parts of the animals allied to the Sepiadse or Cuttle-
fish, whose shells are so abundant in the argillaceous depo-
sits of the Oolite. The Belemnoteuthis (of Channing
Pearce),* an extinct cephalopodous mollusc allied to the
Belemnite,f but generically distinct, has been found with
its arms entire, and the acetabula or suckers and spines at—
tached. In the works for a branch-railway through Trow-
bridge, the Kelloways rock, Oxford clay, Cornbrash, and
Bradford clay were largely exposed, and yielded innumer-
able specimens of the usual fossils, and some species of
ammonites and other shells not previously observed.f The
members of the upper part of the oolitic system occur

¢ See London Palwontological Journal, No. 2, Pl. XV, XVI,, for
beautiful figures of some remarkable specimens of these extinct Cephalo-
poda. Medals, vol. ii. p. 447, and p. 460. Phil. Trans. 1850, p. 393.

+ For a systematic account of the Belemnites and other members of
the Cephalopodous family, see Woodward’s * Manual of the Mollusca.”

1 Mr. Reginald Neville Mantell made a large collection of the fossils
brought to light by the cuttings and excavations in this locality. It com-
prised very large and fine specimens of Ammonites ; Nautili; Belem-
nites with the phragmocone and traces of the soft parts; the cartilagin-
ous base of the Belemnoteuthis ; innumerable small gasteropodous shells;
Ostreeee deltoidese ; Grypheese, Terebratule, &c.; masses of coniferous
wood and lignite ; bones of Ichthyosauri, Plesiosauri, Teleosauri, &c.;
and a few relics of fishes, The profusion of fossil shells dug up in the
comparatively small area traversed by the railway, some of which were
inhabitants of deep and others of shallow water, here and there inter-
mingled with drift-wood, attests the effects of sub-marine currents by
which the remains of molluscs of such different habitats were accumu-
lated and spread over this area of the sea-bottom, with the spoils of the
land transported from a distance by rivers. Quart. Journ. Geol. Soc.
vol. vi. p. 315,
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through this part of Wiltshire in their natural order of sue- -
cession ; as is shown in the following section (Lign. 118),in
which the subdivisions of the Chalk and Oolite, from the
Upper or flinty Chalk down to the Oxford Clay, are seen in
a nearly horizontal and conformable position.

LIGR. 118.—DIAGRAM-SECTION THROUGH THE WILTSHIRE CHALK-DOWNS T0 THE
OXFORD CLAY.

1. Upper and Lower White Chalk. 2. Upper Greensand. 3. Gault. 4. Lower Greensand
5. Portland Oolite. 6. Kimmeridge Clay. 7. Coral-rag. 8. Oxford Clay.

14. KXrrnoways Rock aND CorNBrasH. — A bed of
gritty and sandy limestone, & few feet in thickness, and some-
times ferruginous, is intercalated with the lower portion of
the Oxford Clay in the South of England and in Yorkshire,
and is remarkable for the abundance of molluscan remains
which it contains. It is called the Kelloways rock; hence
a common species of ammonite in this deposit is named
A. Calloviensis.

Cornbrash.—Under the Oxford Clay a hard rubbly lime-
stone, from ten to twelve feet thick, sometimes passing into

" clay and sandstone, is generally met with, which, like the
Kelloways rock, swarms with many species and genera of
marine shells, associated with other fossils. This bed is pro-
vincially termed Cornbrash. Subjoined are figures of a few
Cornbrash shells from the neighbourhood of Scarborough in
Yorkshire, which were first described by Mr. Bean*

¢ See Mag. Nat, Hist, 1839, vol. iit. p. 91+ .
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In the South-west of England, the Cornbrash, which is
persistent as a peculiar shelly deposit from the South to
the North of England, is succeeded downwards by, 1st, the

4 6

LIGN, 119.—SHLLLS FROM THE YORKSHIRE CORNBRASH.

Fig. 1. Sanguinolaria parvula.
3. Bulla undulata. (Occurs also in the Great Oolite of Minchinhampton.)
3. Natica punctura. (Occurs also in the Great Oolite and Inferior Oolite of
Yorkshire.)
4. Anomia semistriata.
8. Cardium globosum.
6. Isocardia triangularis.

Hinton Sands and Forest Marble, together about 100 feet
in thickness; 2nd, by the Bradford Clay, about 50 feet
thick; 8rd, the Great or Bath Oolite, varying from 40 to
120 feet in thickness; 4th, the Fuller’s Earth, a series of
marly and calcareous beds, of very variable thickness, some-
times 130 feet thick; and lastly by the Inferior Oolite, a
&group of calcareous and sandy beds, often ferruginous, and
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Marble above, or the Fuller’s Earth beds below. These
clays are remarkable in the neighbourhood of Bradford, in
Wilts, for the remains of a particular species of crinoid,
called the Pear-encrinite of Bradford * (Apiocrinus: Me-
dals, p. 288), which in some places occur under circum-
stances apparently indicating that the animals still occupy
the spots where they grew. The clay is spread over the
surface of a stratum of limestone, and many of the stems of
these Stone-lilies are upright, with their root-like bases at-
tached to the calcareous rock ; and numerous articulations,
once composing the stems, arms, and body of the animals,
are scattered at random through the clay.+

15. Tee Corresworp Hirrs.—As the elevated tract of
country called the Cotteswold Hills, which extends for
thirty miles through the county of Gloucester, in a N.E.
and 8. W. direction, having an average breadth of ten or
twelve miles, exhibits the principal characters of the jurassic
series of the South-west of England, the following brief de-
scription-of this interesting and typical tract will be highly
useful to the student.}

The surface of this district has a general inclination to the S.E., its
eastern borders having an elevation of about 400 to 500 feet above the
sea; whilst the western ranges from 600 to 800 feet, and the culminat-
ing point, Cleeve Cloud, is 1134 feet high,

The branch of the Great Western Railway from Swindon to Glouces-

* Pictorial Atlas, pl. 1. + Manual of Geology, 5th Edit. p. 307.

1 This account of the physical geography and structure of the Cottes-
wolds was communicated to the author by Professor Woodward, formerly
of the Agricultural College, Cirencester, now of the British Museam. The
student should also avail himself of Mr. Hull’s paper on the Cottes-
wolds, in the Geol. Soc. Journ. vol. xi. p. 477 ; and his * Memoir on
the Geology of the country around Cheltenham,” in the Memoirs of
the Geological Survey, 1857, illustrative of the Sheet 44 of the Geological
Survey Map.






506 THE WONDERS OF GEOLOGY. Lxcr. Ve

clay to the Lias, in the same order in which they are passed over by
the Irmin Way, reaching the surface of the Lias at a depth of about
1000 feet.

16. Tek GrEAT OOLITE AND STONESFIELD SraTe.—The
Great Oolite of the Western Counties is a calcareous series,
in which the well-known Bath Oolite is imbedded. Aswe
trace this series towards the north-east, it becomes much
modified, and the lower beds appear to pass into the cele-
brated Stonesfield Slate * (or tile-stone).

Stonesfield, a small village near Woodstock, about twelve
miles north-west of Oxford, has long been celebrated for
the fossils imbedded in its thin-bedded limestone ;+ bones
and teeth of large reptiles and of fishes, and other remains
from this locality, were described and figured by Lhwyd,
more than a century ago.}

Dr. Buckland’s memoir on the great fossil reptile of
Stonesfield, the Megalosaurus,§ where he at the same time
mentioned the discovery of mammalian jaws in the same
deposits, drew special attention to this interesting locality.

The Stonesfield strata have been ascertained, by Mr. Lonsdale, to be-
long to the lower division of the Great Oolite; from Dr. Fitton’s de-
scription || of the circumstances under which they occur, we learn that
in crossing the country from Oxford to Stonesfield, the Oxford clay with
its characteristic fossils is first observed ; this is succeeded by the Corn-
brash—the uppermost stratum of the Great Oolite group, which is seen
beneath the clay in several quarries on the sides of the road to Wood-
stock and Blenheim. . ... The village of Stonesfield is situated on the
brow of a valley, both sides of which are deeply excavated by the shafts

* Phillips’s Manual of Geology, p. 303.
1 Commonly called Stonesfield slate. As the term “ slate”’ is techni-
cally applied to the old metamorphic clay-siates only, it is misapplied to
the laminated rock of Stonesfield, which is fissile by its stratification,
not by ¢ cleavage.”

1 Lithophylacii Britannici Ichnographia.

¢ Geological Transactions, second series, vol, i. p. 330,

§i Zoological Journal, vol. iii. p. 416.
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and galleries that have been constructed for the extraction of the “slate.”
The beds that supply the stone are at a depth of about fifty feet below
the summit, and are worked by shafts. The upper twenty-five feet con-
sist of clays alternating with calcareous stoné; the lower of fine-grained
oolitic limestone, with numerous casts of shells. From the bottom of
the shaft, drifts or horizontal excavations are made around, extending as
far as safety will permit; the beds above being supported by piles of the
less valuable materials. The strata thus worked do not exceed six feet
in thickness ; they consist of sandy beds imbedding large calcareous con-
cretions, which, by exposure to the frost, admit of separation into thin
flakes,

Fissile calcareous concretions, similar to those of Stones-
field, occur also at Wittering and Collyweston, associated
with sandy beds and oolite limestones, and contain ferns and
other terrestrial plants, together with marine shells.

17. OreaNIC REMAINS OF THE STONESFIELD SLATE.—
The majority of the fossils of Stonesfield, although of so
highly interesting a character, have hitherto been very im-
perfectly investigated. The vegetable remains consist of
fucoidal plants, and of palms, arborescent ferns, and plants
allied to the Zamia and Cycas, with seed-vessels, leaves, and
stems of coniferz, and traces of reed-like plants. The shells
are jurassic in their character; and one small bivalve (Z'ri-
gomia impressa) is extremely abundant. The bones and
teeth of the gigantic terrestrial reptile related to the Moni-
tor, the Megalosaurus, mentioned above as occurring in the
‘Wealden (vol. i. p. 435), bones of Pterodactyles or flying
lizards, bones and plates of Turtles, and other osseous re-
mains, apparently of saurians, present a striking general
correspondence with the fossils of the Wealden. The elytra
or'wing-cases of beetles, and other relics of insects, are of
frequent occurrence. The teeth, scales, fin-bones, and rays
of fishes belong for the most part to the same genera and
species as those contained in other jurassic strata; teeth of
Lepidotus and Hybodus are frequently met with* but

*# See Buckland’s Bridgwater Treatise for figuves of sever\ {wsds
from Stonesfield.,
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by far the most interesting fossils are the mammalian re-
mains,

18. Fossin MauMMaZiA oF StoNESFIELD.*—The lamin-
ated oolitic limestones of Stonesfield have yielded some of
the most precious relics of the past ages of our globe—most

2

LIGN. 120.—THE RIGHT SIDE OF THE LOWERR JAW OF A MARSUPIAL MAMMALIAW;
STONESFIELD
(From Zoolog. Journ. vol. iii. pl. xi.)

Fig. 1. Natural size. Pig. 3. Enlarged view of a single tooth.

(Phascolotherium Bucklandi. /¢

of the known vestiges of mammalian animals} in the se-
condary formations, in other words, in deposits of an age

* See Prof. Owen’s Memoir in the Geol. Trans. 2 ser. vol. ii. p. 147 ;
Medals of Creation, vol. ii. p. 805 ; Petrifactions, p. 401.
1+ The original is in the British Museum j it is in an admirable state of
preservation ; and the piece of rock in which it is imbedded has numer-
ous casts of the T¥igonsia impressa, which occur in such profusion in the
Stonesfield tilestone, ’
} Emmons’s DromatAerium, from the Chatham Coml-field of Norn
rolina, ard Plieninger’s Microlestes, from the Wirtemberg Bonebed,
Afamrmalia of still more ancient date,
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long antecedent to the mammaliferous eocene epoch :—a fact
of the highest interest to the geologist, since it carries back
the existence of the higher vertebrated animals to a period
of unfathomable antiquity.

The mammalian remains hitherto discovered comprise,
firstly, a portion of lower jaw, with teeth, of a small pachy-
dermatous animal (the 'Stereognathus),® nearly related to
some of the Eocene mammals, such as the Hyracotherium
and Pliolophus ; + and, secondly, at least seven specimens
of portions of lower jaws, with teeth, belonging to very small
animals, and referable to two genera. One of these is allied
to the Wombat (Phascolomys), a marsupial animal of New
South Wales; proving that the remarkable character of
the mammalian fauna of Australia also prevailed in a very
remote period, and that it is not, as some have inferred, a
new order of things. The other was a small insectivorous
mammal (Amphitheriwm), having thirty-two teeth in the
lower jaw; its marsupial affinities are doubtful.}

19. CoMPARISON OF THE STONESFIELD AND WEALDEN
Fossis.—We have seen that the zoologlca.l characters of
the Oolite and Lias are decldedly marine, with intercalations
of materials brought down by rivers into the sea, and trans-
ported by currents.to a more or less distant part of the
oceanic basin. Unlike the organic remains of the Wealden,
the terrestrial and fresh-water productions are mingled with
marine plants, shells, and fishes. Thus, while the Chalk
consists of the bed of a deep sea with scarcely any inter-
mixture either of land or.fresh-water debris, and the Wealden
of a delta in which but few marine exuvi® are imbedded, the
Lower Oolitic series presents an intermediate character, of
which the Stonesfield strata afford a highly interesting ex-

* Quart. Journ. Geol. Soc. vol. xiii. p. 1.

1 Described by Prof. Owen in Geol. Proceed. for May 20, 1857,

1 In Prof. Owen’s “British Fossil Mammals,”’ are exquisite Sigures
and an elaborate philosophical notice of the mammalisn remuing dwco-
vered in the * Stonesfield slate,” See alco Lyell’s Monusl, p. 3\
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ample. The reader cannot fail to mark the general corre-
spondence that exists between the organic remains imbedded
in these fluvio-marine deposits of the Oolite and those of the
Wealden: * the following tabular view will render this ana-

logy more obvious—
Wealden and Purbeck Strata.

Drifted coniferous wood and lig-
nite. .

Equiseta.

Ferns: Sphenopteris, Lonchopte-
ris, &c.

Cycadacese.

Carpolithes, and undetermined
seed-vessels.

Fresh-water shells: Paludina, Cy-
clas, Unio, &c.

Freshwater Crustaceans: Cyprida.

Insects : numerous genera.

Fishes of the genera Hybodus, Le-
pidotus, &c.

Marine and Fresh-water Chelo-
nians.

Reptiles : marine — Plesiosaurus
and Cetiosaurus,

o~ : terrestrial — Megalosaurus,
Hyl®osaurus, Iguanodon, &c.

Crocodilian—Goniophilis, Pecilo-
pleuron, &c.

Pterodactyles.

Birds ?

Maumaria: several genera (Pur-
beck).

Stonesfield and Collyweston Slates.
Drifted coniferous wood.

Fucoidal plants.

Ferns : Sphenopteris, Teeniopteris,
&c.

Cycadaces.

Carpolithes, and undetermined
seed-vessels,

Marine shells — Pteroceras, Tri-
gonia, &c.

Marine Crustaceans: Astacide, &c.

Insects: several genera.

Fishes of the genera Hybodus, Le-
pidotus, Strophodus, &c.

Marine Chelonians.

Plesiosaurus and Cetiosauruns.
Megalosaurus.

Teleosaunrus,

Pterodactyles,

Birds ?
MamuavLia : three genera.

From this table we perceive at a glance, that the fauna
and flora of the dry land during the deposition of the
Stonesfield oolite and the Wealden-strata were essentially
the same; while the difference in the mollusca points out
the respective conditions under which the deposits took

*# See also Fossis of the South Downe, &c. 1822, 0. ¥ ad W,
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codilian, Pterodactyha.n, Chelonian, and other reptlles, up-
wards of sixty species of fish, forty-six of crustaceans, and
twenty-six of insects, have been collected in the Solenhofen
_beds by Count Miinster.* There are but few shells and
plants, and these are marine.

- Sir H. De la Beche has remarked, that the fact of the
greatest number of fossil Insects yet noticed in the Oolite
having been found where the remains of the Pterodactyles
principally occur seems to establish a connexion between
these creatures, not merely accidental ; and that it is pro-
bable the whole of the deposits of thls local group of -the
Jura-limestone (and those also of Stonesfield) may have
been effected on a coast where the water was not deep, and
on the shores of which the flying reptiles chased their insect-
prey.t The association of insectivorous mammals and rep-
tiles with innumerable relics of insects in the Purbeck beds
of Dorset is of equal interest.}

21. CoaL-BEARING STRATA OF THE OOLITE.—We noticed
the occurrence in the tertiary system of Provence of beds
of coal with limestone containing fresh-water shells and
crustaceans (vol. i. p. 264) ; and in the lacustrine deposits
of the Rhine, accumulations of brown-coal and lignite
(p- 283). In the Wealden of the South-east of England, lig-
nite and thin seams of coal are associated with shale and
laminated sandstones, so much resembling the ancient carbo-
niferous beds as to have led to an expensive and abortive
search for coal ; while in the north of Geermany the Wealden
contains a rich coal-field of considerable extent. The fluvio-
marine strata of Stonesfield, though teeming with vestiges

® See Miinster’s Beitrige zur Geognosie und Petrefactenkunde,
for descriptions and figures of numerous fossils from the Solenhofen
deposits.

1 A beautiful fossil Dragon-fly from Solenhofen is figured in Medals
of Creation, vol. ii. p. 551,

1 See Pra!‘ Owen’s remarks, Journ. Geol. 8oc. Yol. X. p- .

2L
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from the land, between the more exclusively marine strata
of the ordinary Oolitic type. The fossil plants which accom-

LIGN. 123.—PART OF A LEAY
OF PTEROPHYLLUM COMP-
TUM ; from near Scarborough.

pany the coaly sandstones occur also
in the calcareous beds, both on the
Yorkshire coast and at Brandsby. No
marine exuvis have yet been found in
the coal-grits or shales. Along the
coast under Gristhorp cliffs, a seam
of shale, but a few inches in thickness,
may be traced for miles; and, from
its abounding in leaves of ferns and
equisetaceous and cycadaceous plants,
it is chiselled out by collectors to ob-
tain specimens; for the beauty and
variety of these fossils render them
objects of great interest. Detached
leaves (Lign. 122) in a carbonized
state are very abundant, and their
venation is generally well preserved.
Professor Phillips has figured several
kinds in his “ Geology of Yorkshire: ”
and numerous species are described
in Lindley and Hutton’s *British
Fossil Flora.” ® The fruits of Zamia-
like plants also occur, and many splen-

did examples are preserved in the British Museum t+ and
other collections. This specimen (ZLign. 123) shows the
usual appearance of these fossil fruits; it is imbedded in
dark ironstone-shale, and the leaves and their imprints are
covered with a white hydrate of alumina. Some of the fossils
that have been described as flowers are conjectured to be
bodies of this kind, broken transversely, in which state the

* See also Quart. Geol. Journ. vol. vii. p. 179 ; and Medals of Crea-

tion, vol. i. p. 152,
# Petrifactions, p, 55.

212
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occupy the same geological position as the Stonesfield tile-
stone of Oxfordshire and of the Cotteswold hills, and con-
tain similar marine shells. They are associated with marly
limestone. The fossils are shells of the gemera Pferoceras,
Nerinea, Lucina, Modiola, Trigonia, &c., with numerous frag-
ments of the leaves of ferns (especially of Pecopteris polypo-
dioides), and of cycadaceous plants. These beds have been
regarded by Captain Ibbetson and Mr. Morris as the equi-
valents of the carbonaceous shales of Scarborough and Gris-
thorp Bay ; in fact,as the seaward extension of those fluvio-
marine strata. Those of Stonesfield appear to have been
synchronous, but deposited still farther from land.

23. CoAL-BEARING OOLITE OF BRORA.—Carbonaceous flu-
vio-marine deposits of a similar character to,and of the same
Lower Oolite age as, those above described occur in the
north of Scotland.® At Brors, on the south-east coast of
Sutherlandshire, intercalated between the Middle or Oxford-
ian Oolites and the Lias, there is a series of deposits consist-
ing of, 1st, shelly limestones, representing the Cornbrash and
Forest-marble ; 2. sandstones, shale, and ironstone, with re-
mains of land-plants; 3. shelly limestone with fossil wood ;
4. sandstone and shale with plant-remains, and containing
towards the top two beds of coal. In the neighbourhood of
Elgin also, and on the north-east coast of the Isle of Skye,
shales and sandstones with impressions and remains of simi-
lar plants are met with, superimposed on the Lias.t

The fossil plants are for the most part of the same type
as those of Yorkshire, and are associated with fresh-water or
brackish water shells of the genera Cyclas or Cyrena, Unio,
and Paludina. Tellina and Perna have also been found ; and

* For a general view of the geological phenomena of Scotland, the
reader is referred to the instructive little volume by Prof. James Nicol,
entitled, A Guide to the Geology of Scotland, 1844.

+ Sir R. Murchison, Geol. Trans. 2 ser. vol. ii, p..293; Mr. Robert-

son, Geol.. Proceed, val. iv. p. 173, and Geol. Journ. vol. i p. W35 wed
Prof. E. Forbes, Geol. Journ. vii. p. 107.
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Cypride (p. 419) occur in profusion. Scales and teeth of nu-
merous small ganoid fishes, of genera common in the Oolite
(Hybodus, Lepidotus, and Acrodus), abound in some of the
layers of clay: fragments of plates and bones of Chelonians
are among the few reptilian relics hitherto observed.

These coal-bearing deposits have evidently had the ssme
origin as those of north-eastern Yorkshire, where Uniones
and Cypride are associated with Ferns, Zamim, Thuyites,
and other terrestrial plants. Taken as a whole, the fluvio-
marine intercalations of the QOolite must be regarded as local
accumulations of the spoils of the land, transported into the
sea by the agency of rivers; the presence of coal depending
on the streams being largely charged with vegetable re.
mains; or perhaps, in some cases, to the subsidence and
covering up of swamps and lagoons rich with vegetable
growths. They belong to a period long antecedent to the
deposition of the Wealden, which was subsequent to the
formation of the upper Oolites.

24. Jurassic CoAL-FIELD OF EASTERN VIRGINIA.—One
of the most remarkable features in the geology of the United
States of North America, as contrasted with that of Europe,
consists in the absence of deposits yielding jurassic fossils
such as, throughout large tracts in England and Europe, re-
present the vast interval of time that must have elapsed be-
tween the close of the Triassic and the commencement of
the Cretaceous epoch. Some time since, it was suggested
by Professor W. B. Rogers, that an extensive coal-field in
Eastern Virginia®* belonged to the Jurassic period; and Sir
C. Lyell coincides in this opinion. This coal-field is about
twenty miles from north to south, and from four to twelve
miles in breadth from east to west. It is situated in a

& There are two coal-fields in the State of Virginia; the remarks in
the text exclusively refer to the Eastern coal-field,—that near Richmond ;
the coal-measures in Western Virginia belong to the ancient Carbonifer-
ous system,
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granitic region, and the lowermost bed of coal rests upon
granite. Quartzose grits, sandstones, and shales are inter-
calated with the coal, as in the carboniferous system of
Europe. Beds of rich bituminous coal, one being in some
places from thirty to forty feet thick, occur in the lower
division.*

The fossil plants resemble those of the Oolite of York-
shire (Pecopteris W hitbiensis, Equisetum columnare, some
species of Zamites, Teniopteris, Neuropteris, &c.), differing
specifically, and most of them generically, from those of the
older coal-formations. F¥rom the upright position of many
of the Equiseta, Sir C. Lyell infers that the vegetables
which produced the cqal grew on the spot where they are
now found, and that the strata were formed during alternate
subsidences and elevations of this part of Virginia. They
contain fossil fishes (Zetragonolepis and Gatopterust) related
to European Liassic species; and numerous Cypride and
Estherie, the latter of which, under the name of Posido-
nomye, are characteristic of some strata of the European
Trias. Prof. Rogers finds reasons to regard this coal-field
of Eastern Virginia as belonging to the same series of de-
posits as the red sandstones and coaly shales of Carolina to
the South, and of Maryland, New Jersey, and Connecticut,
to the North. These beds are characterized by the local
occurrence of Estherie and Cypride, reptilian bones, and
plant-remains; and in Connecticut, by numerous impres-
sions of supposed birde’ tracks, They have been variously
referred to the Trias and the Permian series; but probably
more or less fully represent in time, as extensive land and

* Plant-beds and coal of similar characters as the above have been
found near the Rocky Mountains, at Raton Mountain and Muddy
River.

+ 8ir P. Egerton’s genus Dictyopyge consists of some of Mr. W. C.
Redfield’s Catopters. See Silliman’s Journal, 1856, vol. xxi\. v. W,

aund Geol. Soc. Journal, vol. iii. p. 275,
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fresh-water formations, the Upper Trias and Lower Jurassic
periods.*

In India and South Africa, and probably in Australis,
similarly characterized deposits, possessing both Triassic
and Jurassic elements, are recognized.t

In the Chatham coal-field (North Carolina), of this age,
Dr. Emmons § has discovered some lower jaws of a small
species of mammal, which he has named Dromatherium
sylvestre. They much resemble some of the little marsu-
pial jaws from Stonesfield and Purbeck. Dr. Emmons has
also figured and described§ a fossil sacrum of a bird from
the same series of deposits,—referred by him to the Per-
mian age.

25. Tae Lias.—The lowermost group of the Oolitic or
Jurassic system, termed the Lias, consists of stratified
blue and grey matls, clays, and limestones, amounting in
total thickness to from five hundred to one thousand feet,
and abounding in many peculiar fossils. The principal
lithological features are the uniform aspect and distinctly
stratified character of the limestones and intervening argil-
laceous layers; the most constant subdivisions are those
mentioned in the table, || p. 490.

® The Wealden may in like manner be said to be the equivalent of
the Upper Jurassic and Lower Cretaceous series.

1 See Mr. T. R. Jones’s remarks on this subject in the Geol. Soc.
Journ., vol. xii. p. 376.

1 American Geology, part vi. p. 93, 1857,

§ Ibid. p. 148.

1l In 1856 Dr. T. Wright, of Cheltenham, publlshed in the Quarterly
Journal of the Geological Society a paper, to show that the sands
usually referred to the Inferior Oolite in the West of England .contain
fossils of the Liassic type, and should be classified as with Lias, and not
with the Lower Oolite. Although Mr. Hull, of the Geological Survey,
has accepted Dr. Wright’s views, and carried them out in his-descriptiom
of the geology of the country around Cheltenham (Memoirs Geol.
Survey, 1856), yect there are too many dissentients to these views
amongst experienced geologists, and too many openings for criticism i
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trict is occupied by three great basins of the coal-formation,
encircled by the underlying Mountain-limestone and De-

Liex. 134 ~SECTION FROX SOUTH OF MALMESEURY THROUGH THE MEWDIPF HILLS

1. M rl rocks. 2. Millstone-grit, underlying the coal-beds.
&n-hnlcndl’eruhlmu. 4. Lias. & Imferior Oolite. 6. Great Oolits-
7. Oxford clay.

{From the Geology of England and Wales.)®

vonian sandstones ; one of these basins is shown in the an-
nexed section.

The edges of these basins consist of strata thrown up at
a high angle, and often nearly vertical, forming bold and
precipitous ranges of hills ; in the valleys, horizontal
layers of Lias, with subjacent beds of red-marl (Lign. 124),
are seen lying unconformably upon the highly inclined coal-
measures. I shall recur to this subject hereafter, and now
only observe, that the Lias appears beneath the Oolite
through the south-east of Somersetshire, and passes into
Dorsetshire, where the overlying Greensand conceals it be-
neath the high range of the Black Down Hills.

At Lyme Regis it forms a range of cliffs, about four miles
in length, and may be traced until it gradually sinks be-
neath the Inferior Oolite of Bridport. The skeletons of
large marine reptiles (Ichthyosauri and Plesiosaurs), for
which the Lias is celebrated, have principally been found in
the cliffs at Lyme, Watchett, Westbury, and Whitby, where
the natural sections, formed by the action of the waves, well

® The inclination of the strata is very much exaggerated in this dia-
‘gram, in consequence of the difference in the horizontal and werdead
scalos, necessarily adopted to comprise the section in  xmall space.
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lisplay the characters of the strata, and afford abundance of
fossil remains. The Lias appears in the Western Isles of
3cotland, and on the north-east coast-of Ireland. The
Opper Lias comprises a thin band of limestone, rich with
remains of insects and fish, which has been traced from
Somersetshire and Gloucestershire into Northamptonshire
and Lincolnshire.*

In the north and south-east of France, and over a large
area in Germany, the Lias, with its peculiar fossils, accom-
panies the Oolite. One species of Gryphite (Gryphea in-
curva, Lign. 117, fig. 6), which is so abundant in the Liassic
strata of England, on the Continent forms a limestone (Cal-
caire & gryphites), which, like the Sussex-marble and many
other such rocks, is composed of shells cemented together
by a calcareous paste. In Wirtemberg the Lias presents the
usual characters of that of England, and contains remains of
Ichthyosaurs and other reptiles.t

In the valley of the Arve, in Switzerland, the Lias-clays
are of great thickness, and, owing to the ancient effects of
igneous or metamorphic agency everywhere apparent in the
Alps, have a schistose character, strongly assimilating them
to the primary slates.

In Russia oolitic deposits cover detached districts, from
the Icy Sea to the Caucasus in the south; and in Russia
Proper there are shales and sands referable to the Middle
or Oxford Oolite; a characteristic species of ammonite (4.
biplex) of the Portland-rock has been found both in Russia
and Poland. In the Himalayas and Central India argil-
laceous beds occur which contain fossils, which have been
regarded as analogous to those of the Lias of Europe.

Bone-bed. — At the base of the Lias, and separating the

® By Messrs, C. Moore, Binfield, Morris, and Brodie : Medals, vol. ii.
p. 549. Annals N. H. 2 ser. vol. xix. p. 56.

+ See Dr. Jaeger’s work, Ueberdie fossilen Reptilien, welche n Wi~
temberg sufgefunden worden sind. Stuttgard, 1828,
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lower shales and limestones from the uppermost Triassic

- bed beneath, there is a layer of coarse detritus, a few inches .

thick, commonly known as the Lias Bone-bed,* from the

LIGX. 125.—~RESTORED FIGURE OF THE DAPEDIUS OF THE LIAS.

(Ons-sixth the natural size By M. Agassis.)

immense quantities of water-worn bones, teeth, and copro-
lites of fishes, which it contains. It is, in fact, an aggregs-
tion of mud, sand, and the debris of fishes and reptiles.
Teeth of fishes of the genus Ceratodus (Med. Creat. p. 587),
are very frequent in this bed. Aust Cliff, on the Severn,
near Westbury, in Somersetshire, is a well-known locality

for the fossils of this remarkable deposit. By some geolo- .

gists this bone-bed is included in the Trias, and by others
in the Lias. A similar stratum occupies the same geologi-
cal position in Germany, and contains organic remains of a
like nature.

® Another ‘‘bone-bed  occurs in the Upper Ludlow series (Geol.
Journ. vol. xi. p. 8); and fish-remains are almost as abundant in a
portion of the Mountain-limestone (at Clifton and Armagh), and in ‘the

Juferior Oolite at Leckhampton Hill.  (See Quart. Geo\l. Joumu val. vii.

- ?’l,) .
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" Considerable interest is attached to.the exact determina-
tion of the extent of this “bone-bed,” and its associated
strata, from England to the Eastern Alps. In the west it
appears to have been a comparatively shallow-water deposit ;
but towards the east it is imbedded in other fossiliferous
strata that were evidently deposited in a deeper sea.. These
shelly beds form part of the series termed “ Koessen-strata’
by the Austrian geologists, and without doubt belong to the
Upper Trias. A bone-bed, similar to that underlying the
English Lias, occurs near Stuttgard,* and. certain sandstone
strata there accompanying it are, according to Messrs. Oppel
and Suess, the littoral equivalents of the marine “ Koessen-
strata,” so well developed in the Eastern Alps, and charac-
terized to the eastward of Vienna, in the Austrian Salinar
district, and even partly in the Alps of Tyrol and Bavaria,
by numerous remains of marine animals, especially of Bra-
chiopods and Oysters. In the Vorarlberg, these forms begin
to disappear, giving place to Pecten Valoniensis, Cardium
Rheaticum, Card. Austriacum, and other pectinibranchiates,
indicative of a diminution of the depth of the old sea there.
Beyond the overlying strata of more recent date, and along
the shores of that primaval sea, these deposits have assumed
quite a littoral character ; Oysters and Brachiopods having
totally disappeared, and the pectinibranchiate molluscs,
such as occur in these beds in the Vorarlberg, and some
new species, being predominant in the fossil fauna. Hence
it is concluded that the ¢ Koessen-beds* are contemporane-
ous with the ossiferous strata or bone-beds, the existence of
which may be traced for a great distance, from the South-
west of Germany to France and England.

® The Stuttgard *bone-bed® is-famous for having yielded some
minute teeth of a Mammalian animal-(Lyell’s Manual of Geology, 1855,
p. 343, and Supplement, 1857). - This will be noticed in the chapter on
the Trias, the Stuttgard deposits having been referred to tuat form-

ation. .
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26. Orgaxnic REMaINs or THE JURASSIO SysTEM.—
The fossils discovered in the Oolitic and Liassic strats
amount to many hundred species,* and it is impoesible in a
work of this nature to give but the briefest summary of
these organic remains; it must suffice to offer a few general
remarks on the nature of the fauna and flora of the ses
and land during the vast period of time which the accumu-
lation of sediments of such extent and thickness must have
required.

Vegetable remains.—Some species of fucoidal plants and
upwards of a hundred species of terrestrial vegetables have
been determined from the Jurassic rocks of Britain. The
latter consist of ferns, cycadaceous plants, and coniferous
trees ; constituting a flora analogous to that which now pre-
vails in the maritime districts of the West Indies, New
Holland, and the Cape of Good Hope, &c. A large species
of plant allied to the recent Marestail (Eguisetites colum-
naris) is abundant in the coal-bearing Oolite; and in York-
shire so many of these plants occur in an erect position that
it is supposed they must have grown on the spots they now
occupy : we shall recur to this fact hereafter. ‘

One of the most remarkable fossil vegetables discovered
in this formation in England is the fruit of a tree (Podo-
carya Bucklandi, Unger) allied to the Pandanus or Screw-
pine, from the lower Oolite of Charmouth in Dorsetshire.t

Fragments of trunks of coniferous trees of the Araucarian
type are found throughout the Jurassic formation; and, as
we have already stated, the last bed of the Oolite, when

* The student is referred to Prof. Phillips® tables of fossils in the Ency-
clopaedia Metrop., art. Geology, to Sir H. De la Beche’s Manual of Geo-
logy, and to Mr. Morris’s British Fossils, for lists of the fossils found in
the British Oolite and Lias; and to the beautiful work on the organic
remains of the * Terrains Jurassiques,” by M. D’Orbigny. See also
Medals of Creation.

t+ Dr. Buckland’s Bridgwater Treatise, vol. ii. pl. 63.
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elevated above the waters, was clothed with pine-forests
(vol. i. 400).

The quantity of dnﬂ:-wood in a carbonized state, but not
converted into coal, is very considerable in the argillaceous
strata. In the Oxford-clay, at Trowbridge,* masses of wood
occur in abundance ; oysters, terebratuls, and other shells
are often adherent to the fragments of trunks and branches
of trees, which have evidently been drifted from a distance
into the bed of the sea. Much of this wood is soft and
flexible when first exposed, and, when dry, burns with a
bright flame. In the Lias of Whitby, Lyme Regis, and
other localities, the wood is often calcareous, and admits
of a fine polish: occasionally silicified masses are met
with.}

27. ZooPHYTA AND RaDI1ARIA.—Of corals and moss-corals
numerous jurassic species abound. The reefs of coral con-
stituting the Coral-rag have already been alluded to. In
some parts of Germany coralline. Oolites are largely de-
veloped, and all the corals are silicified in certain localities ;
this is especially the case between Nattheim and Heiden-
heim,} whence exquisite specimens of Astrea, Lithodendron,
&c. have been obtained.

In the beds of chert in the Qolite of Tisbury in Wilts,
shells and corals are found in a beautifully silicified state,
particularly a species of Isastrea (I. Tisburiensis). Large
silicified masses of this coral are met with, which, on being
cut and polished, display the intimate structure of the ori-
ginal, and form an ornamental material for the jewellers and
lapidaries. A matchless specimen of the soft parts of a
Trigonia, transmuted into silex, was obtained from Tisbury
by the late Miss E. Benett, and is now, with the greater

¢ See above, p. 500.

+ Beautiful specimens of the fossil wood and plants from the Lias and
Oolite are exhibited in the British Museum. Petrifact. Chap. 1.

1 Geol. Soc. Journ. vol. vii. part 2, p, 71.
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part of the collection of that lady, in the possession of Mr.
‘Wilson of Philadelphia.*

The Crinoides, or hly-shaped animals, are a.lso abundant,
and are often found in an admirable state of perfection.
‘Whole slabs of many of the Lias-shales are covered with
Pentacrinites, frosted with brilliant pyrites, and lying in re- .
lief on the stone, as if spread out on the sea-sand.t

Of the Echinoidea upwards of seventy species, and of
Star-fishes nearly twenty genera, comprising many species,
have been determined from the British Oolites.} Some
splendid Star-fishes from the Yorkshire Oolite and Lias are

figured in Charlesworth’s
London Geological Jour-
nal, pl. 17 (Astropecten
arenicola), and pl. 19, 20
(Ophiodermata).

28. Movrrusca. — The
shells, both of testaceous
and conchiferous mol-
luscs, amount to many
hundred species. Of the
Cephalopoda, a8 Nautili,

LIGN. 126.—AMMONITER COMMUNIS; Ammonites’ Belemnites’
from the Lias of Whitby. ! &e., several hundred spe-
cies, belonging to numer-

ous genera, have been figured and described.§

The state of perfection in which the animals allied to the
Cuttle-fish occur in the Lias, and also in the clays of the

* Figures and a description of this extraordinary British fossil have
been given by Mr. Charlesworth in the London Geological Journal,

+ See Petrifactions, &c., p. 88.

1 Dr. Wright’s Monograph, published by the Palwontog'raphlcal So-
ciety, 1856, furnishes a careful and lucid history of the Jurassic Echino-
derms of Britain.

§ See Sowerby’s Mineral Conchology, and the works before referred
to, '
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Coleopters, Neuropters, Hemiptera, and Homoptera. The
wings of insects allied to the recent genus Panorpa have
been found in the Lias of Wainlode Cliff, on the banks of
the Severn.*

LIGN. 137.—F0SSl WING OF A SPECIES OF DRAGON-FLY; FROM THE LIAS OF BIDIORD,
WARWICKSHIRE, /Nat. size.)

a, Rpot on the margin of the wing.
( ZBshna Liassina, of My. Strickiand t)

The several hundred specimens of fossil insects that have
been discovered in the Lias belong nearly all to forms that
inhabit temperate climates, and present a remarkable affinity
to existing families; so that in one instance only has Mr.
‘Westwood, the distinguished entomologist, ventured to pro-
pose a new generic nam -} The same fact of the close re-
lationship of the fossil to the recent types of Insecta holds
good, with but one or two exceptions, in the case of the
insects from the Purbeck beds.

30. FrsaEs.—All the Fishes of the Oolite are referable to
extinct genera, and essentially differ, as a whole, from those

an account of the localities in which insect-remains had been at that
time discovered in the secondary rocks of England. See also Dr. Buck-
land’s Bridg. Treatise; and Medals of Creation, vol. ii. p. 547, &ec,

* See Medals of Creation, vol. ii. p. 553.

+ Mag. Nat. Hist. vol. iv. p. 301. See Nova Acta Car. Leop. Acad.
vol. xix. part 1, for Germar’s fossil Insects from Solenhofen.

1 Mr, Strickland, on the results of recent researches into the fossil

insects of the secondary formations of Britain: Brit. Assoc. Reports for
1845, p. 58.
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been found more or less abundantly in every deposit. About
forty species, belonging to several genera, have been deter-
mined as occurring in the Jurassic strata of the British
Islands. These have been carefully investigated and de-
scribed by Professor Owen, in the Reports of the British
Association for 1840 and 1841, and in the Monographs on
Fossil British Reptiles published by the Palmontographical
Society. Cuvier, Gervais, Hermann von Meyer, Jaeger,
Burmeister, and Theodori are amongst the continental
naturalists who have studied the fossil reptiles.* As I shall
have occasion to recur to this subject in the sequel, it will
be sufficient in this place briefly to enumerate the principal
kinds hitherto discovered in the Oolite and Lias.

In addition to the reptiles of which remains have been
found in the Chalk and Wealden, namely, the Megalosau-
rus (p. 435), Peecilopleuron (p. 432), Cetiosaurus (p. 427),
Streptospondylus, Pterodactylus, Ichthyosaurus, Plesiosau-
rus,—and of some of these, especially of the two last-named
genera, numerous species abound in the Lias and Oolite,—
several other Crocodilian reptiles, with peculiar osteological
modifications, also occur. These are the Teleosaurus, Ste-
neosaurus,t &ec., which are characterized by their long narrow
muzzles, sharp-pointed teeth, short fore-legs, imbricated
scales, and doubly concave or flat-faced vertebrs : their relics
are chiefly found in the Lower Oolite and Lias.

The most remarkable circumstance relating to the Ich-
thyosauri and Plesiosauri that swarm in the Lias is the con-
nected state in which all the bones of the skeleton occur.
The entire osseous frame-work, from the extremity of the
snout to the last vertebra of the tail, often remains entire,

* See Pictet’s Paléontologie, 2nd Edit. vol, ii., for a résumé of our
knowledge of fossil reptiles.

t See Medals of Creation, vol. ii. p. 679. These gavial-like reptiles
are represented amongst the other extinct animals by life-like models in
the Crystal Palace Gardens.
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Tertiary epoch ; and with these were associated multitudes
‘of peculiar Fishes and Reptiles. The dry land, as attested
by the remains drifted into the basin of the sea, was inhabit-
ed by a few reptiles and marsupial mammals, and was
clothed with tree-ferns, cycadeous plants, and coniferous
trees; and insects, pterodactyles, and possibly birds,* flew
above its surface.

* The Rev. Mr. Dennis’s microscopical evidences (Microscop. Journ.
vol. v. p. 63) only require further patient investigations to substantiate
the fact of the existence of Birds’ remains in the Stonesfield slate. The
same observant naturalist has brought forward very probable evidences
of the mammalian character of some bones from the * Lias Bone-bed ”
of Lyme Regis (#id. vol. iv. p. 261).



LECTURE V.

PART II.—THE TRIAS AND PEBRMIAN FORMATIONS.

The Trias and F ! 2. G Distr of the Trias and
Permian. 3. Rock-Salt lnd Brine-Springs. 4. Origin of Rock-Salt and Gypsumn. 5.
‘The Cheltenham Wnten. 6. Conglomemtes of the Trias. 7. Organic remains of the
Trias. 8. Cr M and Crinold 9. Fishes of the Trias. 10. Reptiles of
the Trias. 1l. The Labyrinthodon. 12. The Rhynchosaurus. 13. The Dicynodon of
Africa. 14. Foot-prints on stone. 15. Ornithichnites. 16. Triassic Mammal. 17.

' 1he Permian System. 8. Magnesian limestone or-Zechstein. 19. Permian of Ger-
many and Rassla. 20. Organic Remains of the Permian System. 2l1. Invertebrata of
the Permian. 22. Fishes of the Permian. 23. Reptiles of the Permian, 24. Reptiles.
25. Chelonians or Turtles. 26. Crocodiles. 27. Enalio-saurians or Marine Reptiles.
28. The Plesl 2. P yles, or Flying Reptiles. 30. Ophidians and
. Batrachians. 3l. Bevlew of tha Age of Reptiles. 32. Objections cousidered. 33. Con-
. cluding Renaris.

1. Tae Tr1as AND PERMIAN ForMarioNs.—Beneath the
Lias there is a series of strata, many hundred yards in total
thickness, which was formerly known in geology as the
New Red Sandstone Formation, and divided into two groups,
namely the Upper and the Lower. But later investiga-
tions * having shown, that, of the fossils found in the lower-
most group, scarcely a species is known in the upper series,
nor in any newer strata, this system is now separated, under
the name of “ Permian,” from the former, and regarded as
the uppermost or terminal group of the Paleozotc or primary
series ; while the Upper New Red is ranked as the lowermost
of the Mesosoic or secondary formations.t The name of
Trias, or Triassic System, by which the Upper New Red is
now distinguished, relates to the well-marked triple sub-

* See Phillips’s ‘ Manual of Geology,” 1855, p. 246, 217.
1 See the “ Synoptical Arrangement,” p. 203.
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division of this series in Germany, and has been adopted to
avoid confusion from the restricted application of the old
term. The New Red Sandstone series has also been termed
the “ Peecilitic”” from the variegated colours of its compo-
nent strata ; and “ Saliferous,” on account of the immense
beds of rock-salt which alternate with the red marls in
Cheshire and other parts of England. The following table
shows the characters and order of succession of the princ-
psl Triassic and Permian deposits :—

THE TRIASSIC OR NEW RED FORMATION.

(Comprising the Keuper, Muschelkalk, and Bunter-Sandstein, of the
German geologists.)

1. Variegated, red, blue, greenish, and white marls or clays (with
gypsum and immense beds of rock-salt in some places), interstra-
tified with sandy beds; the sandstones towards the bottom, called
¢ Water-stones,” constituting a well-defined band.

[These marls and sandstones attain a thickness of about 1000 feet,
and are equivalent to the * Keuper; ' the * Muschelkalk * being possi-
bly represented by the *“ white beds * or * waterstones.”]

2. Red and variegated sandstones and marls,

3. Coarse red sandstones and conglomerates.

4. Red and variegated sandstones and marls.®

[Nos. 2, 3, and 4 collectively have a thickness of more than 1000 feet.]

THE PERMIAN OR MAGNESIAN-LIMESTONE FORMATION.
(Comprising the Bunter-Schicfer, Zechstein, Kupfer-Sehiefer, and
Roth-todt-liegendes, T of the Germans.)

1. Reddish sandstones, and red and white gypsiferous marls, with thin
limestone~beds. (About 200 feet thick).

2. Magnesian limestone (Zechstein) ; white, red, or yellowish magne-
sian limestone, sometimes concretionary, sometimes brecciated, i
thick beds, with marine organic remains. (About 500 feet thick.)

* See Quart. Journ, Geol. Sve. vol. ix. p. 188, for Prof. Ramsay’s
account of the four subdivisions of the English * Bunter.”
3} Roth-todt-liegendes, signifying ** red dead layer,” is 8 German min-
ing term, denoting that the copper of the upper beds Tas Mied ouy, &
layer not being metalliferous.
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3. Marl-slate and limestone, in thin layers, containing fishes and sea-
shells. (About 60 feet thick.) The Kupfer- Schiefer, or Copper-
schist, of Manefeld.

4. Variegated marls, sandstones, and conglomerates (Pontefract Rock)
of variable thickness and character.® (About 200 feet thick.)

From this tabular view, the Trias and Permian systems
are seen to consist of red and variegated marls, generally
gypsiferous, sandstones, magnesian limestones, and conglo-
merates, more or less coloured with peroxide of iron; the
upper group contaiming beds of salt and gypsum; and the
lower, calcareous rocks, having in thei* composition a large
proportion of magnesia. As a whole, the strata are compa-
ratively poor in organic remains; but in some localities
land-plants, marine shells, and reptiles are met with; cer-
tain species and genera being peculiar to each system. The
fossils of the Permian rocks are very closely allied in their
zoological characters to those of the coal-formation; the
organic remains of the Trias, on the contrary, are very dis-
tinct, having closer relations to those of the seconda.ry form-
ations, especially the Lias.

2. GrograrHICAL DIsTRIBUTION OF THE TRIAS AND
Peruiax.—For the sake of conciseness I shall comprise
both systems in the following brief notice of their geogra-
phical distribution.¥ '

From the River Tees to the Tyne (see the map, Pl. I, p. 474), these
rocks form the Durham coast, The line of the emergence of the New
Red from beneath the Lias through Yorkshire to the south-west forms
its eastern boundary. Traversing Yorkshire and Nottinghamshire as an
irregular band varying from 10 to 30 miles wide, the New Red is accom-

¢ The sands and sandstones beneath the marl-slate in Durham are
believed by Mr. R. Howse not to belong to the Permian series, on ac-
count of their unconformability, and their being characterized by genuine
carboniferous species of plants and fish. Annals N. H. 1836.

4 In the map, Plate I, the Trias and Permnian are bow é.eme\\'s
the same colour and number (5). .
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panied by a still narrower band of Permian rocks to the west as far as
Nottingham, from whence as far as Warwick and the vale of the
Severn * to the south-west, and to Shrewsbury and the Lancashire coast
on the west and north-west, the New Red spreads out irregularly, com-
prising the rich salt-fields of Cheshire and Worcestershire, and surround-
ing or bordering on the several coal-fields of the Midland counties,
Flintshire, and Lancashire, each with its irregular selvedge of Permian
strata. In Somerset and Devon the New Red accompanies the Lins.
It also forms the vale of the Clwyd in North Wales, and that of the Eden
in Cumberland, where it is uniformly bordered with Permian rocks. The
latter occur alsoin an isolated patch in Anglesea,t and are represented in
the South-western counties by conglomeratic beds near Bristol, on the
sides of the Mendips, and near Exeter,

The New Red of Cumberland is continuous with the sandstone ares
of South-eastern Dumfriesshire; but the red sandstones of the upper
part of Annandale (Corncockle Muir, Moffat, &c.), and of Dumfries and
the vale of the Nith, are referred by Messrs. Binney and Harkness § %
the Permian series. In Ireland, Permian fossils have been found at Cul-
tra,§ near Belfast, and at Artrea,| and Roan Hill, Tyrone.Y The great
breadth of the district of which the Triassic beds form the subsoil, in their
western expansion, arises from the New Red marls and sandstones of the
North-western and the Southern counties being nearly horizontal beds
for the most part free from overlying deposits, and succeeding to the
disturbed underlying strata, which had previously been thrown up, at
various and often considerable angles, into lofty groups and chains of
hills, which appear like so many islands amidst the great plain of Red-
marl (see section of the Mendips, p. 522).**

On the Continent, the Triassic and Permian groups, with occa-
sional variations in the strata, may be traced nearly opposite the
Devonshire coast, skirting the paleozoic rocks of Brittany; and

* A valuable paper by Murchison and Strickland on the *“ New Red
of Gloucestershire,” &c. will be found in Geol. Transact. 2nd series, vol.
v. p. 331. See also Murchison’s Siluria, p. 300, &c.

+ Lately noticed by Professor Ramsay, Local Director of the Geolo-
gical Survey.

+ Quart. Geol. Journ. vol. xii. p. 138, and p. 254.

§ Journ. Geol. Soc. Dublin, vol. i. p. 175. | Ibid. vol. vii. p. 67.

€ Geol. Proc, vol. ii. p. 206 ; Portlock’s Report, Londonderry, p. 468;
and Quart. Geol. Journ. vol. iii. p. 4.

** See also the map of the Mendips in De 1. Beche's Geological Ob-
server, p. 478.
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to the South-east, underlying the Jura.limestone, and containing beds
of gypsum and salt, they occur in patches on the flanks of the gneissic
area of Central France. They have a great extent in Central Ger-
many, stretching from the Hundsriick to the Vosges on the west of
the Rhine Valley, and from the Hartz to the Black Forest on its east-
em side. They are traceable also as a zone on either side of the Alps.
In Saxony, Silesia, and Poland there are isolated tracks of these strata,
but they prevail in the north and east of European Russia ; the great ex-
tension of the Magnesian limestone series over and around the Govern-
ment of Perm having suggested to Sir R. Murchison the present geo-
logical name of this formation. Triassic rocks are known in several
paris of Spain and Portugal.®
The Trias of Germany, distinct in its triple character, is well developed
in Bavaria and Wirtemberg. Immediately beneath the Lias is the series
termed the Keuper,t which consists of variegated red and green marls
and sandstones, containing intercalations of salt and gypsum, as in Eng-
land, and some coaly beds. This group is superimposed on a fine creamn-
coloured * shell-limestone,”” or Muschelkalk, which abounds in organic
remains ; especially in that beautiful extinct crinoidean, the Lily encri-
nite (Lign. 131), which is exclusively found in this bed, and chiefly
vear Brunswick : the Muschelkalk is not known to occur in England.
The lowermost series of the Trias is the Bunter-Sandstein,t consisting of
variegated sandstones and marls, resembling those of the Keuper. The
lower portion of the Bunter (Bunter-Schiefer) has been separated from
this group to be allocated to the Permian series. §
In the United States of North America red sandstones and shales,
usually referred to the Trias, occupy the lower part of the valley of the

* The Geological Map of Europe, by Murchison and Nicol, is a good
guide for the student in studying the extension of these and other forma-
lions,

t In Western Europe the junction-beds between the Lias and the
Keuper appear to be a thicker development of the * Bone-bed,” as-
sociated with some shelly bands. Towards the East, these are found to
be of more and more importance, until, in the Austrian Alps, they thicken
out into several distinct beds, locally known as Koessen-beds, Dachstein-
beds, Hallstatt-beds, St. Cassian-beds, Guttenstein-beds, and Werfen-
beds.

{ Variegated or spotted sandstone,
¢ See Murchison and Morris on the Permian rocks of Thuringia and
lhe Hartz, Quart. Jousn. Geol. Soc. vol. xi. p. 426.
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Connecticut, and are continued into New Jersey, Maryland, Virginis, ind
North Carolima, and similar strata occur on each margin of the Bay of
Fundy and in Prince Edward Island. These red sandstortes are assocl
dted in some places with coal-bearing shales, sometimes abomnding in
plant-remains and fishes which comprise forms both of paleozoic amd
secondary types. The Connecticut sandstones are invested with an extraor«
dinary degree of interest, from the abundance and variety of the foot
prints of unknown animals with which the surface of some of the lami~

nated saudstones are impressed; a phenomenon we shall presently
examine. )

Some traces of Permian rocks have been detected in Spitzbergen,

and Muschelkalk-fossils have been detected by Capt. R. Stracheyin
the Himalayas.*

8. ROCE-SALT AND BRINE-SPRINGS OF THE TrIas.—In
England and Ireland (Carrickfergus),t the Trias is the chief
repository-of salt or chloride of sodium: and brine-springs,
which are subterranean streams of water impregnated with
salt from percolating through saliferous strata, are abundant
in the great plain of the red marls and sandstones of
Cheshire. The salt, however, i8 not uniform in extent, but
occupies limited areas.

The saliferous strata of Northwich present the following series:—

Feet.
1. Uppermost calcareous marl . . . 15
2. Red and blue clays. . . . . . 120
3. Bed of rock-salt. . . . . .75

4. Clay, with veins of rock-salt . . 3l
5. Second bed of rock-salt . . . . 110

- Droitwich, in Worcestershire, which is situated nearly in the centre ofiE
the county, has been celebrated for the production of salt from its brine—
springs, from the time of the Romans; and this inexhaustible fountaizm
of saline water has continued ever since flowing up, and yielding salt im

* Quart. Geol. Journ. vol. vii. p. 305.

+ Two beds of rock-salt, underlying upwards of 630 feet of red gypsi+
ferous marl, and making together a thickness of more than 120 feet,
were discovered at Carrickfergus by the enterprise of the Marquis of
Downshire. (Jukes, Geology, p. 245.)
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undiminished quantities.® It is probable that the manufacture is coeval
with the town itself; but it was not until the year 1725, that the strong
brine for which it is now famous was discovered ; from one spring alone,
the enormous quantity of a thousand tons of salt have been obtained per
week.t

At a distanee of from thirty or forty feet below the surface there isa
bed of hard gypsum, about 150 feet thick; through this a small hole is
bored to the river of brine, which is in depth about twenty-two inches,
and beneath which is rock-salt. The brine rises rapidly through the aper-
ture, and is pumped into a capacious reservoir, whence it is conveyed
into iron-boilers for evaporation : it is supposed to be stronger than any
other in the kingdom, and contains above one-fourth part its weight of
salt. One of the shafis is sunk to a depth of nearly 500 feet, and passes
through four layers of salt, 85 feet in aggregate thickness. Some of the
beds of salt in Cheshire are from 70 to 120 feet tnick. A red sandstone,
containing vegetable remains, forms the foundation-rock of the saliferous

deposits of England. 1

4. Or161N OF BocK-sALT.~—The origin of these enormous
subterranean beds of rock-salt is as enigmatical as that of
the saltness of the waters of the ocean. But deposits of
salt, though prevailing in England and the Continent in the
formation under examination, are not confined to any parti-
cular group of strata. The celebrated salt-mines of Galicia
(see p. 289), and numerous salt-works in Persia and West-
ern Asia, are made in tertiary strata; § while in the State
of New York salt and gypsum, with variegated marls, are

® The Romans imposed a tax on the Britons who worked the Droit-
wich salt-mines, and made salt a part of the pay of their soldiers’ sala-
rium, or salary. . Hence the custom of asking for salt at the Eton
Montem.—Geology of England and Wales, p. 282.

+ From Mr. R. Hunt’s Report in the Mining Records we learn that
the quantity of white salt manufactured from brine in the districts of
‘Wansford and Northwich (Cheshire) in 1855 was 834,514 tons ; at Droit-
wich and Stoke (Worcestershire), 170,000 tons.

1 For an interesting account of the salt-works at Droitwich, see Mr.
Hugh Miller’s ¢ Impressions of England and its People,” p. 179.

§ According to Dr. A, Fleming, the saliferous beda of the Se\vRansp
in the Punjaub are of the Devonian age.
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found in the Silurian system.* It is to be remarked, that
deposits of chloride of sodium are almost always accompa-
nied with layers and intercalations of gypsum ; and the cir-
cumstance of two powerful acids, the sulphuric (in the
gypsum or sulphate of lime), and the hydrochloric (in the
chloride of sodium), being so largely and uniformly present,
seems to indicate a common origin; both occur abundantly
as volcanic products. In a more advanced state of chemical
science, this fact may probably tend to the elucidation of
the question under consideration.t

The gypsum associated with rock-salt is considered by
several eminent observers to be anhydrous, that is, entirely
free from water, before exposed to moisture. The great
beds of gypsum that occur with rock-salt at Bex, in Switz-
erland, were found by M. Charpentier to be anhydrous
when laid open to the atmosphere. Hence Mr. Bakewell
suggests that the consolidation of the salt and gypsum must
have been effected in such cases by heat, for there is no
conceivable mode of aqueous deposition that could form

# In the middle of the horizontal Silurian rocks of the State of New
York, there is a formation of red, green, and bluish-grey marls, with
Leds of gypsum and occasional salt-springs, the whole being from 800 to
1000 feet thick, and undistinguishable in mineral character from parts of
the Trias of Europe.—Lyell’s Travels in America, p. 54. See also J.
Hall’'s * Geology of New York,” 4to, 1843, for notices of the salines
and gypsum in the Medina and the Onondaga rocks.

+ Intreating of the gypsiferous rocks that overlie the nummulitic series
in Turkey and Persia, Mr. W. K. Loftus has suggested that volcanic
action, suddenly altering the level of the sea-bed and discharging sul-
phuric vapours into the sea, might have caused the deposition of the gyp-
seous beds, by the chemical change of the calcareous matter held in solu-
tion in the water ; and that the usual absence of animal remains in such
deposits might be similarly accounted for. Mr. Loftus also refers to
volcanic agency as the probable cause both of the formation of the rock-
salt of the Plain of Khoi (about 80 miles south of Ararat), and of the

excessive saltness of the Lake Urumia. Quart. Geol. Joum. wol. xi

=n, 268, 307, and 309.
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mhydrous gypsum.* The red colour of the salt and marls
is occasioned by oxide of iron, which may have been derived
from decomposed volcanic rocks.

That many of the deposits of salt may have originated simply from
the evaporation of sea-water pent up in lagoons, lakes, or inland seas, is
s generally received and not improbable supposition ; but the absence of
marine organisms of any kind has been regarded as a formidable objec-
tion to this hypothesis.t Another difficulty presents itself in the enor-
mous thickness of many of the beds of salt ; which, if considered as the
wlid residuum of sea-water, must have required a body of fluid incon-
ceivably great ; unless we suppose the seas of those ancient periods to
have contained a much larger proportion of saline ingredients than the
resent,—an inference for which there are no reasonable grounds what-
ever. If we imagine ive subsid of agiven area to have
taken place, the alternations of beds of marls with layers of salt of vari-
able thickness may be explained ; but the difficulties above mentioned
remain in full force, As gypsum } and the chlorides of sodium are often
fublimed from volcanic vents, an igneous origin has been ascribed to
many of the beds of salt and sulphate of lime. Gypsum is unquestion-
tbly, in many instances, a metamorphosed substance; for sulphurous
fumes, acting on beds of clay containing shells, convert the lime into
slenite ; and, acting on limestone, convert it into fibrous and compact
gfpum.  Many tertiary gypseous deposits have evidently originated
from this cause: but crystals of gypsum are also abundaatly found in

* Mr. Bakewell’s “ Introduction to Geology > (5th edit. p. 289) con-
tains an interesting review of this problem, and an account of the most im-
Portant deposits of salt.

+ It cannot, however, be with certainty determined, whether the ab-
Snce or paucity of fossils in a deposit is owing to an actual reduction
of the amount of life in the seas of a given area, or to the mineral cha-
acter of the strata not having been favourable to the preservation of
rganic remains.

1 Gvpsum, or sulphate of lime, consists of sulphuric acid, 463] ;
me, 32-90; and water, 20°79. The massive gypsum is called Alabaster ;
1e transparent gypsum, Selenite; powdered calcined gypsum forms
‘laster of Paris. The fibrous gypsum has a silky lustre, and is used
ir ear-rings, brooches, and other ornaments. Fibrous gypsum of great
sauty occurs in Derbyshire : veins and masses of this substance abound
. the red marls bordering the valley of *he Trent.
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ples, which the French chemists had recently discovered
modern marine productions, did not also exist in mine
salt waters issuing from strata which geologists consider
have been formed beneath the sea.”

As the saline springs of the red marls rise up throu
the Lias (Lign. 128), they undergo certain chemi
changes. From the decomposition of the sulphate of ir
which takes place, a vast quantity of sulphuric acid must
generated, which, reacting on the different bases of magnes
lime, &c., contained in the strata, forms those sulphates
prevalent in the higher or pyritous beds of the Lias; t
oxide of iron being at the same time more or less complet:
separated. By this means the mineral-waters, which &
probably mere brine-springs at the greatest depths, acqu
additional medicinal qualities as they ascend to the pla
whence they flow. At the same time if must be borne
mind that fresh water is continually falling from the atm
phere upon the surface of the Lias clays, and percolati
through the uppermost strata.

6. ConarLoMERATES OF THE Trias.—The conglomera
of this formation are chiefly composed of pebbles a
detritus derived from the destruction of igneous and me
morphic rocks, as slate, quartz-rock, granite, porphy
&c. ; and the fine siliceous sandstones contain a large p
portion of such debris. It would, therefore, appear that {
ses which deposited the saliferous group was bounded
the rocks of whose ruins it is composed ; in like manner
the existence of beaches of flint-pebbles evinces the destr
tion of former chalk-cliffs.

The rock on which Nottingham Castle is built is a e
glomerate formed of the ruins of the ancient rocks of 1
neighbouring districts. The rounded pebbles of quar
lydian stone, granite, jasper, porphyry, slate, &ec., seem

- bave originated from rocks formerly conveded with {
r2nge of Charnwood Forest. Still nearer the Cherns
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species of equisetaceous plants (Calamites and Egquisetites)
abound ; one of which is probably the E. columnaris of the
Lower Oolite.

A very remarkable fossil (Dictyophyllum crassinervum*)
has been found in the Triassic sandstone near Liverpool ; it
is u leaf of considerable size, bearing a striking resemblance
to the foliage of some of the thick-ribbed cabbages.t I will
only add, that, as a whole, the flora of the Trias, or New
Red, presents a general character by which it is separated

alike from the vegetation of the older formations below, and
~ of the Lias above, though showing a strong affinity to that
of the latter. '

8. CRUSTACEA, MoLLUSCA, AND CrINOIDEA.—Crustaceans
are rare in the Trias, with the exception of one genus of
small bivalved entomostracans, allied to the recent Estherie,
and commonly confounded with the molluscan Posidonomye.
This little Estheria (Posidonomya minuta) is characteristic of
the Keuper deposits of England and the Continent; and
similar fossils occur in the red shales of Virginia and Penn.
sylvania.} M. Schimper§ has figured and described some
Xiphosures or Limulus-like Crustaceans from the Trias of
Alsace. Polypiferous zoophytes or corals, which are so abun-
dant in the Jurassic formation, are very rare in the Trias.|
The shells comprise a few species of Cardium, Trigonia, Mya,
Plagiostoma, Ostrea, Pecten, Avicula, Terebratula, and
other Bivalves, with several Gasteropoda, some Nautili, and
numerous Ammonites and Ceratites.§ The Radiaria consist

* The “thick-nerved net-leaf.”

1+ Lindley’s Foss, Flora, pl. 201, and Murchison’s, * Silurian System,”
p. 43.

1 See Mr. Jones’s Notice of this fossil in the Quart. Geol. Journ., vol.

xii. p. 376.

§ Mém. Mus. Hist. Nat, Strasbourg, vol. iv. 1853.

|| One or two species occur in the Muschelkalk, and two in the Hall-
statt-beds, of the Austrian Alps; Denksch, Akad. Wien, vol. ix. p. 167.

9 Medals, vol. ii p. 483.
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resemblance of the animal, when in repose, to a closed lily :
in the lecture on Zoophytes, &c., I shall describe this elegant
fossil more particularly: the specimens hitherto obtained
are from the neighbourhood of Brunswick.

9. Fisues oF THE Trias. — The bone-bed that inter-
venes between the Lias and Trias (see p. 524), contains
teeth and dorsal rays of numerous small fishes of the genera
Acrodus, Ceratodus, Gyrolepis, Hybodus, Nemacanthus, and
Saurichthis ; similar remains occur, although but rarely, in
the sandstones and conglomerates.* Only one species t of
the Palwoniscus, a genus of fishes common in the Permian
and Carboniferous formations, bas been identified in the Trias,

10. Reprives oF THE TrIas.—The Triassic strata not
only contain teeth and bones of several remarkable reptiles,
but also bear the foot-marks, or imprints of the feet, of
many animals, both biped and quadruped, of whose exist-
ence no other traces have, as yet, been discovered. Although
the true geological position of some of the strata bearing
such imprints is somewhat doubtful (for some geologists
question whether a great part of the so-called New Red of
North America may not be referable to the Permian group),
whilst others associate it with the Jurassic series, it will be
convenient to notice the phenomena in question in this place;
I will, therefore, first describe the reptilian remains, and
afterwards examine the fossil foot-marks.

Bones of several species of Ichthyosaurian and Plesiosgu-
rian reptiles have been found in the Triassic strata of Wir-
temberg by Dr. Jaeger of Stutgard. But the most extraor-

® Fish-teeth and Ichthyodorulites have been found in the conglomer-
ate of the Keuper at Pendock, by the Rev. Mr. Symonds (Quart. Geol,
Journ, vol, xi. p. 451); and in the gritty sandstone near Warwick, by
the Rev. Mr, Brodie (Ibid, vol. xii. p. 374). A very pecaliar and homo-
cerque fish (Dipteronotus cyphus) has been figured and described by
Sir P. Egerton from the Bunter-sandstone of Bromsgrove. (Quart, Geol,
Journ. vol. x. p. 367).

1 Patzoniscus superstes, Egerton ; Geol. Proceed. June, \RO1.
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dinary reptilian remains discovered in that country and de-
scribed by the same eminent physician, H. von Meyer, and
Burmeister, belong to enormous Sauro-batrachians, or ani-
mals allied both to Crocodilians and the Frog-tribe. The
principal fossils consist of portions of the cranium, jaws
with numerous teeth, and an occipital bone, with a double
articulating surface, — a proof of its batrachian affinity.
Teeth, portions of the skull and jaws, and a few other
bones, of similar extinct Sauro-batrachian or Labyrinthodont
reptiles have also been found in Warwickshire, and have
been described by Professor Owen.

11. Tae LasyriNtHODON.*—The teeth of the gigantic
reptile of Wirtemberg + (some of which are two inches long),
and those from Warwickshire.} are of a gently curved coni-
cal shape, and possess a remarkable complicated character,
produced by the convergence of numerous labyrinthine folds
of the external layer of cement towards the pulp-cavity ; and
within these inflections the dentine, or tooth-ivory, is simi-
larly disposed. Transverse sections, therefore, display the
most beautiful interfoldings of the two substances ; and, as
the fossils are generally deeply coloured by iron or manga-
nese, they exhibit, under a slightly magnifying power, un
extremely interesting appearance ; § this peculiarity of or-
ganization suggested the name assigned to this peculiar
genus of fossil reptiles.

From the structure of the cranium, it appears that the Labyrinthodon,
of which there are six English species, had subterminal nostrils leading to a

* Medals of Creation, vel. ii. p. 741.

1 Dr. Jaeger gave the names of Salamandroides and Mastodontosaurus
to the Labyrinthodont animal of Wirtemberg.

1 According to Prof. Ramsay (Journ. Geol. Soc. vol, xi. p. 198),
some at least of the Labyrinthodont remains found in Warwickshire
occur in Permian, and 1.0t Triassic strata.

# Modals of Creation, vol. ii. p. 744, P .\ 1. fig. 3. See Pro . Owen's
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wide and shallow nasal cavity, separated from the cavity of the mouth by a
broad and almost continuous horizontal palatal flooring. 1t is, therefore,
inferred that these reptiles breathed air like the crocodiles, and were pro-
bably furnished with well-developed ribs: thus these early representa-
tives of the Batrachians belong to a higher condition of structure than
any true Batrachia now kunown to exist.® These gigantic Sauro-ba-
trachians must have borne the same relation in magnitude to the diminu-
tive existing members of the frog-tribe, as the extinct colossal Mosa-
saur and Iguanodon to the recent Monitors and Iguanas.t

Cladyodon. — Several detached, pointed, trenchant, re-
curved teeth, the crowns of which are an inch long, and
five lines broad at the base, have been found in the War-
wickshire sandstone. They closely agree with the teeth of
the Thecodont reptiles of the Permian ; but Professor Owen

. regards themas generically distinct, and has named the
reptile to which they belonged the Cladyodon.}

12. RayncE0osAURUS.—The New Red sandstone quarries
at Grinsill, in Warwickshire, have yielded the remains of a
very anomalous modification of reptilian organization, com-
bining the lacertian type of skull with edentulous jaws.
The general aspect of the cranium resembles that of a bird
or turtle; the intermaxillary bones being very long, and
curving downward, thus imparting to the fore-part of the
head the profile of a parrot. There are no teeth apparent in

descriptions and figares, Geol. Traus. 2 ser. vol. vi.; Odontography, p.
195; and Cyclop. Anat., Art. Teeth.

® “As in the existing diversified order of Batrachia, one family
(Perennibranchiata) represents Fishes,—a second ( Ceciliade), Serpents,
—a third genus (Pipa), Chelonians,—and a fourth ( Salamandra), Lizards,
—s0 would the now lost Labyrinthodonts have formed Batrachian repre-
sentatives of the highest order of Reptiles, viz. the Crocodilians.”’—Prof.
Owen, in Brit. Assoc. Rep. 1841, p. 197.

+ The relative proportions of all these great reptilian monsters can be
easily studied in the Crystal Palace Gardens, where Mr. Waterhouse
Hawkins has so boldly, truly, and artistically wrought into tangible
shape the ideas of the comparative anatomist.

4 Report on British Fossils, Rep. for 1841, p.195.
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either jaw, and Professor Owen supposes that this reptile
may have had its jaws encased by a bony or horny sheath,
as in turtles. Footmarks of a small reptile, with the print
of a hind-toe pointed backwards, occur on the surface of
some of the slabs of sandstone in these quarries, and are,
with much probability, conjectured to have been impressed
by the Rhynchosaurus.*

13. DicyNopoN.—Although the geological position of
the strata whence the specimens were obtained is somewhat
uncertain, yet the relation between the reptiles whose re-
mains I am about to describe and that last mentioned in-
duces me to notice them in this place. The fossils in ques-
tion were collected by Mr. Bain, in hard limestone-nodules
occurring in a sandstone, supposed to belong to the Triassic
system, in South Africa,t and were sent, with many other
specimens of undescribed reptiles, to the Geological Society.}
The principal remains hitherto cleared from the rock belong
to reptiles having a flat cranium, with nostrils divided as
in lizards, and not confluent as in turtles, which otherwise
the skull in its general appearance much resembles. The
orbits are very large; the jaws are edentulous, as in the
Rhynchosaurus above described, with the exception that the
upper jaw possesses a pair of long tusks § implanted in sock-
ets, like those of the Walrus. The vertebrs, as in most of
the extinet saurians, are sub-biconcave. This marvellous
type of reptilian structure is perfectly unique.

* Cambridge Philosophical Transact., vol. vii. p. 355; Medals, p. 713.

+ See Mr. Bain’s Memoirs on the Geology of this region, and Prof.
Owen’s detailed descriptions of the several species of Dicynodon, in the
7th vol. of the Geol. Transact. 2nd series, 1815-57 ; and in the Descript.
Catal. Foss. Rept. and Pisces, Roy. Coll. Surgeons, 1854, p. 80. See
also Medals, vol. ii. p. 714, &c.

1 This collection has been deposited in the British Museum; and
several of the specimens have been perfectly cleared by Mr. Dew, and
others will be exposed before long.

§ Hence the name Dicynodon, * two canine teeth.”
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The Acrosaurus is another extraordinary fossil reptile
from the same locality. It has thirty or forty teeth on the
alveolar ridge; and a broad process of the malar bone ex-
tending downwards over the side of the lower jaw, as in the
Glyptodon (see p. 171). Prof. Owen has described specimens
of the vertebrs of three other genera of great fossil Lacer-
tia from the same peculiar South African formation. These
are the Massospondylus, Pachyspondylus,and Leptospondylus ;
collected by Dr. Orpen, in the Drakenberg Mountains.*

14. IcnNonITEs, ok FossiL FoorsTePs. — Some yeuars
since, the attention of geologists was excited by the dis-
covery of impressions of the footsteps of quadrupeds on the
surface of the red sandstonet at Corncockle Muir, in Dum-
friesshire.} The imprints resemble those made by the paws
or pats of land-tortoises. Entire tracks of these imprints,
indicating the slow progression of a four-footed animal, ap-
pear on some of the slabs. On one block of sandstone there
were twenty-four consecutive impressions of feet, forming a
regular track, with six distinct repetitions of the marks of
each foot, the fore-feet differing from the hind-feet; the ap-
pearance of five claws was discernible in each fore-paw. The

# Descript. Catal. Coll. Surg, 1854, p. 97.

+ The red sandstone of Corncockle Muir was formerly referred to the
New Red Series ; but the researches of Mr. Binney and Prof. Harkness
have shown that the several patches of red sandstones in the South of
Scotland, excepting that of Annan, are of Permian age. Quart. Journ.
Geol. Soc. vol. xii. pp. 138, and 254.

1 Account of the Marks of Footsteps of Animals found impressed on
Sandstone ; by the Rev. H. Duncan, D.D., Edinburgh, Trans. Royal Soc.
vol. xi. 1828. Numerous fossil foot-tracks from the quarries at Corn-
cockle Muir are beautifully illustrated, of natural size and colours, in
Sir W. Jardine’s magnificent * Ichnology of Annandale;”” and Prof.
Harkness has described others in the * Annals of Nat. Hist.” for 1851.
In Mr. Morris’s * Catalogue of British Fossils,”” 1854, p. 355, is a very per-
fect Synopsis of all the fossil foot-prints hitherto found in the Rrwsn
strata : but “ Permian ” must be substituted for * Trias” in tne case

the Corncockle and Dumfries specimens,
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observations already offered on the ripple-marks on sand-
stone (see p. 382) render it unnecessary to explain the pre-
servation of imprints of this nature. Similar appearances
have since been observed on the Triassic sandstone near
Stourton and Runcorn in Cheshire, and in several places in
Germany, but no bones of tortoises have been discovered in
these strata.

A discovery of a like nature was made soon afterwards in
the New Red sandstone near Hildburghausen, in Saxony.
Numerous imprints of the feet of some large quadrupeds,
having the fore-paws much smaller than the hinder, were
observed on the exposed surfaces of some slabs of rippled
sandstone: and similar footsteps have been found in the
quarries at Stourton, Taporley, and Lymm in Cheshire, at
Annan in South Scotland, and near Warwick. These im-
prints are on the face of each successive layer of stone; and
on some of the slabs not only are there foot-prints of various
kinds of animals that walked over the stone when it was in
the state of soft sand, but also the impressions of rain-drops.
Some of the recently exposed surfaces present a blistered
or warty appearance, being covered either with little hemi-
spherical eminences, or with depressions; and these, upon
an accurate investigation of the phenomena, prove to have
been the effect of rain, which fell while the surface was
eoft and impressible. On many of the slabs the forms of
the rain-drops and of the foot-prints appear in relief, being
casts of the surface upon which the impressions were made ;
while on the clay corresponding hollows are apparent (as in
Lign. 188),

Chirotherium.—The foot-prints found on the sandstones
and shales above referred to are of various kinds; some ap-
pear to have been produced by small reptiles and crusta-
ceans; but the principal markings are referable to some
large quadruped, in which the fore-feet were much smaller

than the hinder (ZLign. 132). From the supposed tesem-
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blance of these imprints to the shape of the human hand, the
name of Chirotherium was adopted to designate the animals
which left these enigmatical “footsteps on the sands of
Time.” Since the discovery of the bones of gigantic Sauro-

S
T m— N,

Y £

LIGN. 132—NATURAL CASTS OF THE FOOT-MARKS OF THE LABYRINTHODON (CHIROTHE
RIUM) AND CASTS OF S8UN-CRACKS, ON BANDSTONE ; FROM HILDBURGHAUSEN.

Fig.1, 1, Impressions of the hinder feet. 2, 2, Imprints of the fore feet.
(One-ceighth the natural size.) .
[ The imprints in this example are not right and left, but are parts of two tracks.]

batrachians in the same strata, it has been suggested that
the footmarks were produced by some of the large Laby-
rinthodons ; a conjecture highly probable, for the fore and
hind feet of many of the frog-tribe are as dissimilar in size
a8 those of the so-called Chirotherium.*

15. ORNITHOIDICHNITES, OR FOSSTL FOOTPRINTS RESEMB-
LING THOSE OF BIRDS. — In the United States of North
America, a group of strata, which, as far as the imperfect

* See Dr. Buckland’s  Bridgewater Treatises’ for figures and further
details, A fine series of specimens of Chirotherian imprints axen Yo
Brit. Mus. Collect. [Petrifactions, p. 63. See wlso Ged\. ranseck. &

ser. vol. vi. p. 537, and Geol. Soc. Journ. vol. ix. p. 31.
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evidence afforded by their fossils can show, appear to belong
to the Triassic system, occur in the valley of the Connecti-
cut river, stretching through the states of Connecticut
and Massachusetts ; and a band of similar deposits ranges
from beneath the Palisadoes of the Hudson to the inte-
rior of Virginia.* The materials are red shale and argil-
laceous sandstone, with detached beds of conglomerate.t It
is on the surface of the laminated argillaceous sandstones of
this system, and principally in the valley of the Connecticut,
that occur those mysterious characters on which the saga-
city and unremitting labours of Professor Hitchcock. have
thrown so 'much light ; 1 but still the nature of the animals
by which the foot-prints were made is involved in obscurity,
for no vestiges of the skeletons of the bipeds, the linea-
ments of whose feet are so vividly apparent, have been dis-
covered.§

The origin assigned to these markings was for a loug while disput.d,
but Professor Hitchcock’s interpretation is now generally admitted ;

* When the fossils of these Virginian sandstones, shales, and coal-beds
are taken in consideration, the peculiar group of strata above alluded to
must be regarded as having much of the character of the Lower Jurassic
series of the North British area. See above p. 519.

+ Professor Henry Rogers’ Address at the Meeting of the Association
of American Geologlsts, May, 1844,

1 The reader is referred to Professor Hitchcock’s Report on the
Geology of Massachusetts,”” to Dr. Buckland’s ‘“ Bridgewater Treatise,”
to the “American Journal of Science,”” Transact. Americ. Phil. Soc.
new ser., and Trans. Amer. Acad. Arts and Sciences, for many inter-
esting papers by Dr. Deane (who first drew Professor Hitchcock’s at-
tention to the subject) and other American naturalists ; and to the * Me-
dals of Creation,” p. 768 ; and * Petrifactions,” p. 64.

§ Reptilian remains occur in the Red Sandstones of North America,
(namely, the Clepsysaurus, Centemodon, and Bathygnathus, Geol. Soc.
Journ. vol. xii. p.377). Dr. Emmons has described the bone of a bird from
the Chatham coal-field, in Carolina, probably of nearly the same age ; and
numerous relics of reptiles (Dictyosaurus, Omosaurus and Rutiodon or

' ' Clepsysaurus, and Compsosaurus or Palseosaurus), and some soadl Mam-
malian jaws from beds of Permian (?) age. Americ. Geol. yam V. \®u1.
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earth was trodden by birds as gigantic as tlie bipeds that
strode along the shores of the Triassic waters.

I must not, however, dwell longer on this inviting sub-
jeet, and will only add, that, while offering my humble tri-
bute of admiration to the sagacity and patience with which
the subject has been investigated by Professor Hitchcock
and others, and fully admitting the close resemblance of the
bipedal fossil foot-prints to thosc of birds, I consider the fol-
lowing caution of Professor Owen to be deserving of the
most serious attention : — ¢ Foot-prints alone, like those
termed ¢ Ornithichnites,” are insufficient to support the in-
ference of the possession of the highly developed organiza-
tion of a bird of flight by the creatures which have left them.
The Rhynchosaur and biped Pterodactyles already warn us
how closely the ornithic type may be approached without
the essential characters of the Saurian being lost. By the
Chirotherian Ichnolites we learn how closely an animal, in
all probability a Batrachian, may resemble a pedimanous
mammal in the form of its foot-prints.” t

16. Triassic Mammar.—Before leaving the subject of
the Trias, we must again alludeto the “Bone-bed,”  so closely
related to the Lias in England, but decidedly Triassic in
character on the Continent. At Stuttgard, among other very
interesting fossils, it has yielded to the researches of Dr.
Plieninger .two minute mammalian teeth (Microlestes anti-
guus).” These have been described and figured in the
« Nova Acta,” § 1850, and in Sir C. Lyell's “ Manual.”

#* The closeesemblance of many of these North American foot-marks to
those made by recent birds is most striking. Sir C. Lyell, in his ¢ Tra-
vels in North America ” (vol. ii. p. 168, pl. 7), has placed this corre-
spondence, I might almost say identity, in a strong point of view, by giving
figures of recent foot-marks of the Sandpiper on hardened red mud, from
the Bay of Fundy ; these specimens are now in the British Museum and
the Geological Society’s Collection, for comparison with the fossil imprints.

+ Brit. Assoc. Rep. 1841, p. 203. 1 See above, p. 524.

§ Nov. Act. Cees. Acad. Nat. Cur, vol. xxii. p. 902, pl. 71, fig. 14 and 15.

20
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Taken in connection with the little fossil Mammals from
Stonesfield and Purbeck,* and with Dr. Emmons’s speci-
mens from North Carolina (which last are probably more an-
cient than the Microlestes), these afford evidence of the exist-
ence of a marsupial fauna during the secondary epoch.

17. Tae PeaMiax FormaTioN.—The group of strata thus
designated was formerly termed the Lower New Red, or
Magnesian-limestone formation. It comprises the Bunter-
Schiefer, Zechstein, Kupfer-Schiefer, and Rothliegendes of
the Germans ; that is, all the deposits intervening between
the Carboniferous and the Triassic systems. Like the Trias,
it consists of a triple series of deposits, namely, 1. Conglomer-
ates, sands, and clays; 2. Limestones; 3. Sands and clays.
The clays, sandstones, and conglomerates are more or less
coloured by oxides of iron, and are associated with pyritous
shales, gypsum, salt, &c.; some of the limestones, containing
a large proportion of magnesia, are known as Dolomite,t and
others, retaining a strong animal odour, are termed Stink-
stein. This system being palmontologically characterized by
a peculiar type of organic remains, and by the absence of
nearly every species that occurs in the newer or overlying
formations, the Permian is ranked as the last, or uppermost,
of the palzozoic system. (See Synopsis, p. 203.) $

® See above, p. 394 and p. 508.

+ The crystalline calcarec-magnesian rock (termed Dolomite, from M.
Dolomieu, who first pointed out its mineralogical character) has the
saine external aspect as granular limestone ; but, instead of being a pure
carbonate of lime, contains from 45 to 60 per cent. of carbonate of mag-
nesia.

1 M. Pictet has shown, in the 4th volume of his new edition of ‘ Pa~-
1éontologie,” pp. 577 and 579, that the proportion of generic forms passing
from the earlier periods to the Permian is 56 per cent.; whilst of those
received by the Trias from older periods the proportion is only 33 per
oent, He considers that the palsontological difference of the Carboni-
Aforous period and the Permian may be approximotively indicated by

#88,* whilst ““ 60’ may indicate that between the Permian =od Triea.
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In the central part of England, and extending from the neighbourhood
of Nottingham to the south-eastern extremity of Northumberland, red
marls, sandstones, and breccias form the lowermost Permian strata, and
are regarded as the equivalents of the Rothliegendes of Germany; a term
applied to a group of red sandstonés and conglomerates, accompanied
with porphyry and other old volcanic rocks, that constitutes the base of
the Permian series of the Continent. Upon these lower red sandstones
are magnesian limestones, upwards of 300 feet in total thickness, cor-
responding with the Sténkstein, Rauchwacke, and Zechstein of Germany.

In the North of England the Permian formation is well developed,
having four or more distinct members, and attaining about 1000 feet of
thickness.®* In the Midland Counties, the calcareous element is almost
absent in the series, sandstones predominating, and, with the associated
marls, making a thickness of upwards of 1500 feet.+ Still further south
and west the formation rapidly attenuates, and is represented by thin
bands of sandstone and conglomerate, or breccia.

In Somersetshire, and the adjacent country around Bristol, beds of
conglomerate,} formed of the debris of older rocks, held together by a

* Mr. Binney has described the Permian beds of the North-West of
England (Mem. Lit. Phil. Soc. Manchester, vols. xii. and xiv.) as con-
sisting of, 1. (at top) Red and variegated gypsiferous marls (300 ft.
thick) ; 2. Magnesian limestone (10 ft.); 3. Conglomerate (350 ft.);
4. Red sandstones and marls (500 ft.). Below these is the red and varie-
gated sandstone of Whitstable, which Mr. Binney is disinclined to re-
gard as Permian.

In the “ Annals Nat, Hist.” 2 ser. vol. xix. p. 33, &c., Mr. R. Howse
describes the Permian series in Durham as consisting of, 1. (at top) Red-
dish sandstone (Lower Bunter?); 2. Upper yellow limestone (100 ft,
thick); 3. Botryoidal limestone (150 ft.); 4. Cellular limestone and
shell-limestone (150 ft.) ; 5. Compact limestone and conglomerate (200
ft.) ; 6. Marl-slate (3 feet). These are underlaid by sand and red sand-
stone, which, containing fish-remains and plants of species proper to
the Coal-measures, are referred by Mr. Howse to the Carboniferous se-
ries, though hitherto regarded as the equivalent of the Roth-liegendes,

+ See Mr. Jukes’s description of the structure of the South Stafford-
shire Coal-field, in the * Records of the School of Mines,” vol. i. p. 160 ;
and Prof. Ramsay’s Notice of the Permian rocks-near Bridgenorth, Quart,
Geol. Journ, vol. xi. p. 188.

1 Mem. Geol. Surv. vol. i. p. 239. See Mr. Sander's chaervanions v
the possibly Triassic age of this conglomerate, Brit. Assoc. 1949 Sech..So.
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dolomitic cement, are spread unconformably over the carboniferous
strata, filling up the irregularities and hollows of the surface of the
mountain-limestone, &c., ioned by the dislocations and fractures
which those rocks had sustained by disturbing forces, before the deposi-
tion of the Permian deposits. This conglomerate is made up in great
part of pebbles and fragments of mountain-limestone, millstone-grit, coal-
shale, and other detritus of the strata on which it reposes; and contains
fractured and water-worn bones of Saurians, teeth of fishes, &c. Itis
well displayed, overlying the coal-strata and mountain-limestone, near
Clifton in the valley of the Avon, and at Portishead, and other places in
the vicinity.*®

In Devonshire is a peculiar conglomerate or breccia, referred by Sedg-
wich and De la Beche to the Permian formation, and the structural cha-
racters of which point to the probable fact of eruptions of lava having
been locally discharged into the Permian sea, and to have cemented toge-
ther the water-worn materials, so as to form a trap-conglomerate ;—such,
at least, seems to have been the origin of the amygdaloidal trap, as it is
termed, in the vicinity of Exeter.t A few miles to the south of that
city, masses of a rock of this kind are interposed between beds of sand-
stone ; the general appearance of the stone is that of a granular rock,
somewhat loosely compacted, of a purplish-brown colour, interspersed
with minute portions of calcareous spar, mica, and indurated clay tinged
by copper or manganese. It is full of small ovoidal cells, which are
either filled or lined with manganese, calc-spar, or jasper; a structure
termed in geology amygdaloidal, or almond-like: the substance of the
rock is an earthy felspar.

Another interesting feature of the Permian series is a breccia, or con-
glomerate of pebbles and angular stones imbedded in a red marly matrix,}
belonging to the lower portion of the series, and occurring over a large
extent of country in Worcestershire and South Staffordshire. It con-
sists of more or less worn fragments of quartz, slates, traps, sandstones,
and fossiliferous rocks, many of which are traceable, in Prof. Ramsay’s
opinion, to parent-rocks in the Welsh border-country, sometimes 50

* The dolomitic conglomerates near Bristol and on the Mendip Hills
are ably described by Buckland and Conybeare, Geol. Trans. 2nd ser.
vol. i. p. 291.

+ Geology of England and Wales, p. 294 ; Geol. Proceed. vol. ii. p.
196 ; De la Beche’s Report, Devon, &c., p. 203.

1 Phillips, Mem. Geol. Survey, vol. ii. part i. p. 112; Ramsay, Quart.
Geol. Journ. vol. xi. p. 155, and Notices, Roy. Instit. April 24th, 1857,
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19. PERMIAXY OF GERMANY AND Russia. —In Thuri
gia* and Saxonythe magnesian limestone (Stinkstein, Rauc
wacke, and Zechstein) is largely developed, and is underla
by a thin band of dark bituminous shales highly charg
with copper-pyrites, which is termed the Kupfer-Schicfi
These shales have long excited the attention of naturalis
from the number and variety of the fossil fishes they contai
and the peculiar mineralized condition in which these reli
occur ; specimens from Eisleben near Mansfeld,} a cel
brated productive locality of these ichthyolites, are to -
found in almost every museum in Europe. These fish(
which principally belong to the genera Palezoniscus, Pyg
pterus, and Platysomus, are generally in a contorted sta
apparently the ‘effect of violent convulsions attendant
their sudden destruction. The appearance of a violent dea
presented by these Ichthyolites is regarded by M. Agas:
as entirely deceptive: and he states that the bent and twist:
condition of the body is solely attributable to muscular co
tractions during decomposition after life was extinct.} T
specimens are splendidly invested with copper-pyrites, al
their scales often have the appearance of burnished gol
The bodies of the vertebrz of the spinal column are almc
always wanting.§

The researches of Sir R. Murchison and his colleague
have shown that the Permian system in European Ruse

* The elaborate memoir, by Sir R, Murchison and Prof. Morris,
the Paleozoic rocks of the Thuringerwald and the Harz, comprises
clear exposition of the relations of the Permian rocks of these distric
Quart. Journ. Geol. Soc. vol. xi. 420, &c.

+ An account of this locality, and a geological Map of the distr
west of Halle, are given by M. Paul Herter in the Transact. Nat. Hi
Soc. of Halle, vol. iv.

* Recherches sur les Poissons Fossiles, tome ii. p. 70.

§ Medals, p. 601.

| Russia in Europe and the Ural, chap. viii.
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of vegetable life of the same nature as that which prevailed
during the Carboniferous era.

Near Chemnitz, in Saxony, silicified stems of tree-ferns
(Psaronites) occur; numerous trunks of coniferous trees
(Araucarites) are common in the Rothliegendes at Kyf-
hausen ; and other plant-remains are met with near Zwickau
and elsewhere in the same kingdom.* At Allesley,t near
Coventry, silicified trunks of coniferous trees have been found
in the Permian sandstone (formerlyreferred to the New Red) ;
and other plant-remains, such as Caulerpites, Breea, Lepido-
dendron, and Calamites, are mentioned by Professor Ramsay}
as having also occurred in these beds in Warwickshire.

21. INVERTEBRATA OF THE PERMIAN.—The Radiaria,
Mollusca, and Articulata occurring fossil in the Permian rocks
of England and Ireland have been described with much care
by King,§ Howse,| and Kirkby,§ who enumerate upwards
of 130 species. Tragos, Dentalina, Spirillina, Calamopora,
Spirorbis, Cythere, Prosoponiscus, Fenestella, Strophalosia,
Monotis, Bakevillia, Schizodus, Turbo, Chemnitzia, Pleuro-
tomaria, and Nautilus are the principal genera.**

22. FisnEs oF THE PERMIAN,—The fishes of this system
comprise beween forty and fifty species, belonging to sixteen
or seventeen genera :++ most of these genera and a few of the
species occur also in the Carboniferous series of rocks. All

* Gutbier’s Verstein. Permisch. Syst. Sachsen ; and Geinitz’s Steinkohl.

+ Geol. Proceed. vol. ii, p. 439.

1 Quart. Geol. Journ. vol. ix. p. 198. Prof. King enumerates seven
Permian plants in his Monograph, Pal. Soc. 1856.

§ Monograph, Paleontog. Society, 1850 ; and Ann. N. H. voi xvii,

|| Annals Nat. Hist. 1857, vol. xiii. pp. 33, 304, and 463.

9 Quart. Journ. Geol. Soc. vol. xiii. p. 213.

®* A comparative table of the fossil animals of the Permian system, as
far as known in 1845, is given in the * Geology of Russia,” vol. i. p. 221.
Schlotheim, Reuss, Schauroth, &c. have described the Permian fossils of
Germany,

11 About seven of these genera occur in the Permian rocks of England,
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some lately discovered reptilian footprints in the coal-shale
of Deane Forest, well represent the reptilian forms of the
Carboniferous period, when evidently there were many cold-
blooded quadrupeds coeval with the luxuriant flora of the
coal.* The little Zelerpeton Elginenset and some probably
chelonian footprints remain as evidences of the Devonian
reptiles—the oldest yet known; and in Pennsylvania rep-
tilian foot-tracks occur both on the Carboniferous and the
Devonian rock-surfaces.}

In some of the Permian rocks reptilian remains are not
unusual ; and indeed they form important characteristics of
these deposits. The bituminous Kupferschiefer of Thu-
ringia has yielded the Protosaurus (the  fossil monitor of
Thuringia,” for a long time the oldest-known reptile) ; the
copper-bearing Permian conglomerates of Russia are some-
times rich with bones of reptiles; in the dolomitic conglom-
erate of Somersetshire the remains of large thecodont § lizards
have been found ; and similar forms occur, according to Dr.
Emmons,| in the Permian strata of the Chatham coal-field in
North Carolina.

Thecodontosaurus and Paleosaurus.—These British fossils
were obtained from Redland, near Bristol, and are preserved
in the museum of that city ; they consist of jaws, teeth, ver-
tebre, and bones of the extremities, referable to two genera
of saurians, named as above by Dr. Riley and Mr. Stuchbury,
by whom they were first made known.§ The teeth are pointed,
compressed laterally, trenchant, and finely serrated on the
edges. These reptiles, in their thecodont type of dentition,

* Medals, vol. ii. p. 748. t Medals, vol. ii. p. 720.

1 American Journ. Science, new ser. vol. i. p. 268, and vol. ii. p. 25 3
and Medals, vol. ii. p. 749.

3 Thecodont ; i. e. having the teeth implanted in distinct sockets, as ix®»
the crocodile.

| American Geology, part 6, 1856, p. 85.

¥ Geological Trausactions, 2nd ser. vol. v. p. 359, pl. 29 and 30.
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All animals possess organs by which a certain change is
effected in the circulating fluid, to refit it for the purposes
of nutrition. Mammals, birds, and reptiles are furnished
with an apparatus of areolar and vascular tissue, termed
lungs, by which a large surface of the blood is brought in
contact with the air; in aquatic vertebrates (fishes) this ap~
paratus is the gills, which are organs fringed with innumer-
able processes, supplied by myriads of vessels, disposed like
net-work, by which the blood is exposed to the action of
aerated water, oxygen absorbed, and vitality maintained.
In Reptiles, the respiratory organs are less developed tham
in any of the other vertebrated animals, but they all possess
lungs, and are capable of breathing air: and some have gills,
and perform aquatic respiration. The heart, which is gener—
ally three-chambered, is so disposed, that at each contrac—
tion only a portion of the volume of blood is sent to the==
lungs; hence the action of oxygen on the circulating fluicll
is in a less degree than in any of the mammals, birds, ome=
fishes. As animal heat, the susceptibility of the muscles tc—
nervous influence, and even the nature of the skin, are de—
pendent on respiration, the temperature of Reptiles is low— -
and their muscular powers are, on the whole, very inferiomsm
to those of Birds or Mammals: requiring no integumentss -
as hair, wool, or feathers, to preserve their temperature, thexg”
are merely covered with scales, or have a naked skin. Ass
they can suspend respiration without arresting the course of
the blood, they dive with facility, and remain under water
for a long period without inconvenience. Some are vivipar-
ous, others are oviparous, laying their eggs, which they

ation of the subject. For a comprehensive and philosophical view of
this department of Paleontology, the English reader should study the
memoirs of Prof. Owen in the British Association Reports, 1839, 1340,
and 1841; and his Monographs published by the Paleontographical
Society. Pictet’s ¢ Paléontologie,’ also, should be consulted, both for the
details of the fossil reptiles, and for references to other authors.
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never hatch, on the sands or banks. They present great
diversity of form; some are extremely elegant, others gro-
tesque and hideous, and many have dermal processes of the
most fantastic shapes.  Their habits are exceedingly vari-
able; some are agile, others torpid ; all hibernate, or rather
relapse periodically into a state of dormancy, whether pro-
duced by cold, drought, or excessive moisture. Their pecu-
liar structure enables them to endure long abstinence, to an
extent impossible to other races of animals. Their seasonal
habits, or, in other words, alternate periods of activity and
repose, are in accordance with the sudden evolutions of the
seasons; they are dormant when nature does not need their
agency, and rouse into activity when required to repress the
redundancy of those vegetables or animals which constitute
their food; a property strikingly manifest in the species of
hot climates ; thus exhibiting an admirable adaptation to
the peculiar conditions of existence which they are destined
to fulfil. Some are herbivorous, others carnivorous, and
many prey on insects; their powers of progression are as
various ; some orders, though destitute of fins, wings, or
feet, bound along the ground with great agility (the Ser-
pents) ; others walk or swim; while a few are capable of
flight.* '

25. TurTLES, OB CHELONIAN REPTILES.—In Turtles the
want of active faculties is compensated by their passive
means of resistance. They have no weapons of offence, but are
enclosed in a panoply of armour formed by the expansion of
the costal plates above, and by the ossified plastron beneath.t
The carapace, or buckler, constituting the shell that spreads
over the back of the turtle, is composed of bony plates con-
tinuous with the ribs, which, instead of being separated by
intervals, as in other animals, are united together by the

® The Draco volans, or Flying Dragon.

+ See Owen, “ On the Carapace and Plastron of Chelonizm Regies?
Phil. Transact., 1849, p. 151,
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costal plates. Thus in the delicate and agile form of the
8erpent, and in the heavy and torpid mass of the Turtle, the
same general principle of structure prevails, and, by a sim-
ple modification, the skeleton is adapted for beings of very
dissimilar forms and habits. The Testudinata, or turtles,
like the other large reptiles, are essentially confined to tor-
rid and temperate regions. The fresh-water species are ca-
pable of bearing a higher latitude than the terrestrial : upon
the whole the utmost range of this order appears to be from
64° N. lat. to about 40° 8. lat.* The fluviatile species, or
Emydes, are carnivorous, feeding on frogs and small animals ;
those of the genus Zrionyx (three-claw) are African or
Asiatic, with the exception of the Trionyx feroz, which in-
habits the hot regions of America. They live upon food
which is found at the bottoms of rivers; in the stomachs of
several procured from the (Ganges, by Col. Sykes, were large
quantities of mussels, the shells of which were broken into
small angular fragments. The fossil bones of a Trionyx-like
animal (Zretosternon Bakewelli) from Tilgate Forest, were
imbedded in a mass of mussel-shells; a collocation which
might be expected in a fluviatile deposit. The form of the
ribs and other parts of the skeleton differs in the Chelonians
of the land, marshes, rivers, and the sea respectively, so that
the fossil bones can, for the most part, be readily referred
to the respective groups. )

Fossil Tortoises and Turtles.+—The earliest indications of
the existence of reptiles on the surface of our planet are
supposed to be those of Chelonians; the imprints of the feet
or pats apparently of a land-tortoise occurring on a slab of
Devonian sandstone in Morayshire;} and similar footprints
have been found in the millstone-grit of Cheshire,§ and are

® ¢ The Testudinata,” by Thomas Bell, 1 vol. folio; one of the most
splendid works on Natural History that has appeared in this country.

1+ Medals, vol. ii. p. 726. 1 Quart. Geol. Journ., vol. viii. p. 97.

§ Ibid. vol. xii. p. 350.
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order, but belonging to several extinct genera, swarmed
throughout the whole of the secondary and tertiary epochs.
As the living crocodilians frequent fresh water, the remains
of animals of this type indicate the existence of countries
watered by streams and rivers, or abounding in lakes: buf
the modification of the spinal column, so prevalent in the
ancient forms, may, perhaps, be referable to a marine rather
than to a terrestrial condition of existence, in some of these
extinct saurians.

27. ENALIOSAURIANS, or MARINE L1zARDS.*—Ichthyosau-
rus (Fish-like Lizard).—In the lias of the west of England,
teeth, vertebra, and other parts of the skeletons of reptiles,
which were supposed to be related to the Crocodiles, had for
many years excited attention; but until 1814, when a con-
siderable collection, from Dorsetshire, formed by Mary
Anning, was sold in London, no accurate investigation of
these interesting relics had been attempted.t Subsequently
a great number of skeletons have been found, numerous
memoirs published, and the form and structure of the ori-
ginals thoroughly investigated. Many beautiful specimens
are figured and described in the splendid work of Mr. Haw-
kins, whose unrivalled collection of these remains is now de-
posited in the British Museum.} The bones of reptiles so
abundant in the Lias are chiefly referable to two genera ; the
one called Ichthyosaurus (by Mr. Konig), to denote its rela-
tion to fishes and reptiles; the other, Plesiosaurus (so named

® Medals, p. 663.

1 See No. I. of Charlesworth’s * London Geological and Paleontolo-
gical Journal,” for an account of the sale of this collection.

1 ¢ Memoirs of Ichthyosaur and Plesiosaur;”’ by Thomas Hawkins,
folio, with Plates, 1838 ; and ‘‘ Book of the Great Sea-dragons,” folio,
with Plates, 1840. Fully to realize the external form and general cha-
racter of the Ichthyosauri and Plesiosauri, the student must visit the
Crystal Palace Gardens, and make himself acquainted with Mr. Water-
house Hawkins’s life-sized models of these extinct sea-reptiles: wmsllex

models of which also are obtainable for study in the cabimet.
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ities.# The neck, which in moet animals is composed of five
vertebr, and in the extreme recent example, the Swan, does

G e
W ‘mB L

LIGN. 136.—RESTORED FIGURE OF THE PLESIOSAURUS.

not exceed twenty-four, here consists of from twenty to
forty ; and its length is sometimes equal to that of the entire
body and tail. This reptile combines in its structure the head
of a lizard, with teeth implanted in sockets like the crocodile,
—a neck resembling the body of a serpent,—a trunk and tail
of the proportions of those of a quadruped,—with paddles
like the turtle (Lign. 135, fig. 2). The vertebrs are longer
and less concave than in the Ichthyosaurus, and the ribs,
being connected by transverse abdominal processes, present
a close analogy to those of the Chameleon.

The collection of Mr. Hawkins, now in the British
Museum, contains a skeleton eleven feet long, and so nearly
perfect, that the entire form of the original creature may be
completely restored. The late Dean Coneybeare compared
the Plesiosaurus to a turtle stripped of its shell, and thought
it probable, from its long neck presenting considerable im-
pediment to rapid progress in the water, that it frequented
the coast, and lurked among the weeds in shallow water.
As it is evident that it must have required frequent respira-
tion, it probably swam on or near the surface, and darted
down upon the small fishes on which it preyed.

Ichthyosaurs and Plesiosaurs have been found throughout
the secondary strata, from the Lias to the Chalk inclusive;
with the exception of the Wealden, in which no traces of

*# In the sternum of the Plesiosaurus the coracoid bonea have W
greatest development. Medals, p. 667, fig. 213.
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Ichthyosauri have been discovered. Lyme Regis is the most
celebrated locality in England, but the remains of numerous
species of both genera have been discovered in many places
in this country and on-the Continent, in the Oolite and
Lias. The British species of the Enaliosauri known and
described by Professor Owen, amount to about twelve of
the Ichthyosaurus, and nearly twenty of the Plesiosaurus.*
A group of Reptlles nearly related to the Enaliosaurians,
but distinguished (under the name of Simosaurs) chiefly by
osteological peculiarities of the skull, are found in the
Mouschelkalk and other strata of the Trias in Germany. Of
these there are about eight species, belonging to the genera
Nothosaurus, Pistosaurus, Conchiosaurus, and Simosaurus,
which have been described by Hermann von Meyer.

29. PreEropacTYLES, or FLYiNG REeprTILES.t—In this
rapid sketch, it will not be necessary to dwell on the first
appearance and subsequent great development of the Lacer-
tian tribes through the periods embraced in this retrospective
view, as we have already noticed at considerable length the.
principal extinct Saurians, whose remains have been disin-
terred from the secondary rocks. I pass, therefore, to the
Pterosaurians, or Flying-lizards, of the ancient world, which
unquestionably present the most extraordinary modification
of reptilian organization which the researches of the pale-
ontologist have brought to light. "With a head and length
of neck resembling those of a bird, the wings of a bat, and
the body and tail of an ordinary mammal, these creatures
present an anomaly of structure as unlike their fossil con-
temporaries as is the duck-billed Platypus or Ornithorhyn-
cus of Australia to existing animals. The skull is small,
with a long beak, furnished sometimes with upwards of
sixty sharp-pointed teeth; the size of the orbit denotes a

* British Assoc. Reports for 1839, p. 126; and Monog. Cret. Rept.
1851
* Plerodactylus, i. e. Wing-finger.—See Medals of Creation, 2.1
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30. OpHIDIANS (Serpents) and BATkAcHIANS (Frog-tribe).
—There are no vestiges in the secondary formations of the
Ophidians, or reptiles destitute of feet or any extremities
for progressive motion; but in the tertiary, bones of a few
species of large serpents, chiefly allied to the Boas and Py-
thons, have been discovered. These fossils were obtained
from the Eocene sand, at Kyson, in Suffolk, from the Lon-
don Clay of the Isle of Sheppey, and the Bracklesham beds
on the Hampshire coast.* From the size of the vertebrz,
Professor Owen ascertained that some of these Eocene ser-
pents must have exceeded twenty feet in length. “ Serpents
of such dimensions,” he observes, “ exist in the present day
only in warm or tropical regions ; and their food is by no
means restricted to animals of the cold-blooded classes. . . .
Living birds or quadrupeds constitute the favourite food of
the Pythons and Boas, of similar dimensions, which are ex-
hibited in our menageries.”t

A large fossil serpent, having some alliances with the
Rattle-snake and other venomous Ophidians, has lately been
described (under the name of Laophis crotaloides) by Prof.
Owen,?} from evidences afforded by several vertebre collected
near Thessalonica by Captain Spratt. It is probably of the
Miocene age.

Batrachians.—The reptiles termed Batrachians (from the
Greek name for Frog) are characterized by the remarkable
metamorphoses which they undergo in the progress of their
development from youth to maturity. Their organs of aerial
respiration consist of a pair of lungs; but in their young and

means of which these gigantic Pterodactyles have been determined, en-
rich Mr. J. S. Bowerbank’s choice collection at Highbury. Sece Owcen's
Monograph of the Chalk Reptiles, Pal®ont. Soc., 1851.

* Medals of Creation, p. 738.

+ Geol. Trans. 2nd ser. vol. vi. p. 210,

I Geol. Journ, vol. xiii. p. 196, pl. 4.
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A species from North Carolina (p. 558, note) ; an-
( other from Stonesfield ? (p. 524) ; another from
Birps . . . . the Wealden ? (p. 452) ; and many species in-
' 1 ferred from footprints on sandstone of the Trias-
sic period ? (p. 557).
Marine ;—Fifty genera, including above one hun-
dred and forty species.
RepriLes . . . { Terrestrial and Fluviatile ; — Forty-five genera,
comprising about two hundred species.
Flying ;—Two genera, containing nineteen species.

Here, then, the classes Mammalia and Aves, which con-
stitute the essential features of the existing terrestrial faunas
of almost all countries, are represented through a period of
time of incalculable duration, by a few diminutive quadru-
peds, by some uncertain vestiges of birds, and problematical
foot-prints of bipeds on the rocks; while everywhere bones,
teeth, and entire skeletons of reptilian forms, adapted for
aerial, terrestrial, and aquatic existence, afford unequivocal
proofs that the air, the land, and the waters were tenanted
by cold-blooded vertebrate animals. In the succeeding ter-
tiary ages, the fossil remains of reptiles belong to species of
existing types, and are associated with the relics of innumer-
able mammiferous quadrupeds.

Now, if we admit, to the utmost extent, the effect of
causes that may be supposed to have operated to the exclu-
sion of the remains of mammalia from the secondary forma-
tions, still the overwhelming preponderance of the reptilian
tribes, both on the land and in the waters, is most striking.
And here we may inquire whether this remarkable pheno-
menon warrants the hypothesis which some eminent geolo-
gists have advanced, namely, that during the periods ante-
cedent to the eocene, the earth was not adapted for the
existence of mammalia P—that it was in a state of turbulence
and convulsion, which colossal reptile forms were alone cal-
culated to endure; that it was a half-finished planet, unsuit-

able for warm-blooded animals; and that its atmosphere was
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tinent inhabited by colossal reptiles only, or (excepting the
Galapagos) where the Reptilia usurp the place of the large
Mammalia. 'We have seen that this feature in the zoology
of that remote period was not confined to the country of the
Iguanodon ; in every part of the world where geological re-
searches have extended, this wonderful phenomenen appears
—the absence of mammiferous animals in the older strata.
The bones of reptiles, sometimes of enormous size, are there
the only remains of the higher animals (except fishea)
that occur in any considerable number. It is, therefore,
manifest, that there was a period when oviparous quadru-
peds of appalling magnitude were the chief possessors of
the lands of which any traces remain in the strata that are
accessible to human observation. I do not, however, mean
to aver, that reptiles, and reptiles only, were the occupiers
of every Island and Continent; but that it appears from the
most irrefragable testimony, that the reptile tribes during
the secondary periods were developed to an extent of which
the present state of animated nature affords no example. It
must be acknowledged that the proposition is astounding,
and I do not feel any surprise that many intelligent persons,
whose attention has not previously been directed to geo-
logical inquiries, should hesitate to admit its correctness;
but the conclusion is drawn from such an immense accumu-
lation of facts, corroborated by observations made in every
region of the earth, as to compel assent, in spite of all our
preconceived opinions. We may, indeed, call up from the
depths of our ignorance hypotheses as marvellous as the
phenomena they are intended to explain, but which a very
slight examination of the facts before us would prove to be
untenable.

83. ConcrLupiNGg REMARKS.—There is another objection
to which I would allude ; for I do not think with some, that
the errors or prejudices of those who differ from us should
be treated with silence or contempt; but, rather, that it is
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our duty to explain, again and again, the foundation of our
belief, in the hope and assurance that we shall at length re-
move the erroneous opinions of persons whose scepticism
arises from their imperfect acquaintance with the subject.
It has been insisted upon by those whose views are limited
to the present state of the globe, that the supposition of the
earth having been peopled by other creatures before the ex-
istence of the human race is incompatible with the evident
design of the Creator, and derogatory from the dignity of
Man, for whose pleasure and necessities they assume all
living things were created. But this inference is at vari-
ance with what we know of the living world around us:
everywhere we see forms of animated existence utterly un-
conscious of the presence of Man, and endowed with facul-
ties and sensations wholly dissimilar from our own. Thus,
while in the beautiful language of Scripture we are told
that not a sparrow falls to the ground without our heavenly
Father’s notice, a philosophical examination of the present
constitution of nature would alike condemn such vanity and
presumption. For my own part, feeling, as I do, the most
profound reverence and the deepest gratitude to the Eternal
Being, who has given unto me this reasoning intellect, how-
ever feeble it may be,—and believing that the gratification
and delight experienced in the contemplation of the Won-
ders of Creation here are but a foretaste of that inexpress-
ible felicity which, in a higher state of existence, will be our
portion hereafter, I cannot but think that the minutest
living atom, which the aided eye of man is able to explore,
is designed for its own peculiar sphere of enjoyment, and is
alike the object of His mercy and His care, as the most stu
pendous and exalted of His creatures.

“Le méme Dieu créa la mousse et I’ Univers.”

In‘ nothing, perhaps, are we  more misteken Yhan n oox
estimate of the happiness enjoyed by other beings:, 1o e



592 THE WONDERS OF GEOLOGY. Luor. V.

ploy the beautiful simile of a distinguished author,—* As
the moon plays upon the waves, and seems to our eyes to
favour with a peculiar beam one long track amidst the wa-
ters, leaving the rest in comparative obscurity, yet all the
while she is no niggard in her lustre; for, although the rays
that meet not our eyes seem to us as though they were not,
yet she, with an equal and unfavouring loveliness, mirrors
herself on every wave ; even 8o, perhaps, happiness falls with
the same power and brightness over the whole expanse of
being, although to our limited perceptions it seems only to
rest on those billows from which the rays are reflected back
upon our sight.” * And if we admit, as all must admit who
for one moment consider the marvels which Astronomy has
unfolded to us, that there are countless worlds around us,
inhabited by intelligences of whose nature we can form no
Jjust conception, surely the discoveries of Geology ought not
to be rejected because they instruct us, that ere man was
called into existence this planet was the object of the Al-
mighty’s care, and teeming with life and happiness.

Thus Geology reveals the sublime truth, that through
periods of incalculable duration, our globe was the abode of
myriads of living creatures, enjoying all the blessings of
existence, and which at the same time were the destined
instruments for the elaboration of the materials, by which
the surface of the earth was rendered, in the course of in.
numerable ages, a fit temporary abode for intellectual and

immortal beings !

* Sir E. B. Lytton’s “ Eugene Aram:”

+ Sce M‘Cosh and Dickie’s “ Typical Forms and Special Ends in
Creation,” 1856, for some interesting remarks on the adaptations of both
fossil and recent animals and plants to their functions and conditions,
and a brief notice of the evidences of a long preparation for the advent

of man upon the earth (p. 343).
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ON ZOOPHYTA AND CRINOIDEA.

1. Introd Y. 2. 0 ic and I Bodies. 3. Distinction between Animals
and Vegetables. 4. Nervous S8ystem and Sensation. 5. Diversity of Animal Forms.
6. Zoophytes. 7. Animal nature of Zoophytes. 8. Cilla, or vibratile organs. 9. Hy-
dre, or Fresh-water Polypes. 10. Elementary organic structure. 1l. Analogy not
Identity. 12. The Bryozoa. 13. Food of Zoophytes. 14. Nature of Zoophytes. 15.
Corals or Polypifera. 16. Sertularian Zoophytes. 17. Actinoidea or Corallaria. 18.
Caryophyllia and Turbinolia. 19. Madrepore. 20. Fungia. 21. Astrea, Pavonia, &c.
22. M®andrina cerebriformis. 23. Alcyonarian Zoophytes: Gorgonia. 24. The Red

Coral. 25, Tubip 26. G 1 Distribution of Corals. 27. Appearance of
living Corals. 28. Coral Reefs. 29. Coral Reef of Loo-Choo. 30. Coral Islands. 3l.
Formation of Coral Islands. 32, M y on Coral Isl 33. Fossil Zoophytes.

34. Ventriculites. 35. Zoophytes of the Oolitz and Lias. 36. Corals of the Pal®ozolc
Formations. 37. Coralline Marbles. 38. The Crinoidea. 39. Structure of the Crinoi-
dea. 40. Encrinites and Pentacrinites. 41. Derbyshire Encrinital Marble. 42. The
Lily-Encrinite. 43. Pear-Encrinite of Bradford. 44. Pentacrinites and Actinocrinites.
45. Pentremites and Cystidea. 46. Concluding Remarks.

1. InTRODUCTORY.—In many of the deposits of the Second-
ary formations reviewed in the last discourse, a large propor-
tion of the fossils were seen to consist of those interesting
types of animal organization, the Polypifera and Crinoidea:
some of the Oolitic strata, as for example the Coral-rag,
being wholly made up of Corals; while many of the lime-
stones and shales of the Lias equally abound in Pentacrinites
and other forms of the Crinoidea. In the more ancient
paleozoic formations, to the examination of which our at-
tention will hereafter be directed, we shall find these organ-
isms in still greater profusion: entire mountain-chains con-
sisting of the consolidated remains of corals, and vast tracts
of limestones composed of the mineralized skeletons of the
Lily-shaped animals. :
To enable the uzscientific reader to comprehend Yo ot
2qQ
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gin and formation of these ancient fossiliferous rocks, I
therefore purpose devoting the present Lecture to a general
view of the natural history of some of the recent animals of
these classes, and a brief notice of the most characteristic
fossil species.

2. OraaNIc AND INoRGANIC BODIES.— The beautiful
world in which we are placed is everywhere full of objects
presenting innumerable varieties of form and structure, of
action and position ; some of them being inanimate or inor-
ganic, and others possessing organization or vitality. The
organic kingdom of nature, in like manner, is separated into
two grand divisions, the animal and the vegetable. The
differences between organic and inorganic bodies are numer-
ous and manifest ; but it will suffice for my present purpose
to mention a few obvious and familiar characters.

All the parts of an inorganic body enjoy an independent existence ; if
I break off a crystal from this mass of calcareous spar, the specimen does
not lose any of its properties, it is still a group of crystals as before: but
if a branch be separated from a tree, or a limb from an animal, each is
rendered imperfect, and the parts removed suffer decomposition,—the
branch withers, and the limb undergoes putrefaction. If crystals, which
may be considered the most perfect models of inorganic substances, be
formed, they will remain unchanged, unless acted upon by some external
force of a chemical or mechanical nature: within, every particle is at
rest, nor do they possess the power to alter, increase, or diminish : they
can enlarge by external additions only, and decrease but by the removal
of portions of their mass. *

* These remarks must be taken in a general sense only, since various
experiments have demonstrated that the molecules of inorganic matter
undergo modification by the slightest action of light and variation of
temperature, '

“ Prismatic crystals of zinc are changed in a few seconds into octa-
hedrons by the heat of the sun. We are led from the mobility of fluids
to expect great changes in the relative positions of their molecules, which
must be in perpetual motion even in the stillest water or calmest air;

but we were not prepared to find motion to such an extent in the teter
ofsolids. We knew that their particles were brought nearer by edd &t
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putrefaction takes place,—and, finally, dust returns to dust, and the spi-
rit of Man to Him who gave it.

8. DISTINCTION BETWEEN ANIMALS AND VEGETABLES.
—1I have thus briefly described a few of the phenomena pe-
culiar to organic existence ; it will now be necessary to offer
some remarks on the distinguishing characters of animals
and vegetables ; for, unless we have a clear perception of the
phenomena peculiar to each, we shall not obtain correct
ideas of the nature of zoophytal organization.

‘When we compare together those animals and vegetables
which are considered as. occupying the highest stations in
each kingdom, we perceive that they differ from each other
in particulars so obvious and striking, as not to admit of
question. The horse and the grass upon which it feeds—
the bird and the tree in which it builds its nest—are so es-
sentially distinet from each other, that we perceive at once
that they belong to distinct classes of organic nature. But
it is far otherwise when we descend to those animals and
plants which occupy the lowest stations in vitality : here the
functions to be performed are but few, the points of differ-
ence obscure, and it requires a correct knowledge of the
laws of organization to enable us to determine, with any de-
gree of precision, where animal life terminates, and vege-
table existence begins. The Lichen which grows on the
stone, and the Zoophyte attached to the rock, present but
little difference to the common observer; both are perma-
nently fixed to the spot on which they grow, from the ear-
liest period of their existence to their dissolution ; and im
the vegetable dried by the heat of the sun, and the
polype shrivelled up from the absence of moisture during
the ebb of the tide, he would seek in vain for those charac-
ters which would assign the one to the vegetable, and the
other to the animal kingdom.

4. NERvoUS SYSTEM AND SENSATION.—My limits will
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not permit me to dwell on the distinctions which exist be-
tween animals and vegetables in their chemical composition,
nor on the different influence produced on the atmosphere
by their respective agency: and I must content myself with
explaining the remarkable endowment which is supposed to -
be peculiar to animal organization, namely, that of sensation,
and to be dependent on that structure which is termed the
Nervous or medullary system.

‘When any object comes in contact with my finger, I am sensible of its
presence, and the finger is said to possess sensation: but if I compress or
cut across the nerve which passes from the spinal marrow to the arm,
this faculty of sensation is suspended or destroyed: the same object may
come in contact with my finger as before, but no feeling is excited indi-
cating to me its presence. This phenomenon ig well known, for every
one must sometimes, in lying or sitting, have compressed the nerve of the
arm or thigh, and occasioned a temporary numbness and loss of accurate
feeling in the limb. I perceive, then, by my own experience, that sensa-
tion is inseparably connected with the presence and condition of the
nerves; and that in Man and the vertebrated animals the nervous influ-
ence is developed and transmitted by means of the brain, spinal chord,
and nerves.

In examining the other divisions of the animal kingdom, the presence
of a nervous system, more or less developed according to their respective
intellectual and physical endowments, may be detected. In those of the
higher orders, nervous filaments can be distinctly ttaced, from their ori-
gin in the brain or spinal marrow, to their distribution in the various
parts to which they communicate sensation, and to the organs to which
they impart the influence necessary for the performance of their several
functions. But in proportion as the systems of absorbing, secreting, and
circulating vessels become less, a corresponding diminution takes place in
the nervous fibres, until at length both vessels and nerves elude our finite
observation, and we are left to infer from analogy, that probably since
sensation depends upon the presence of nerves, and the smallest animals
evidently possess sensation, a nervous system exists in the minutest Mo-
nad which the highest power of the microscope enables us to descry.®

* Hence Rudolph, the celebrated physiologist, terms those animals in
which no traces of nervine, or nervous matter, can be detected, the Cryp-
Zoneura, or hidden-nerved.

Our knowledge of the nervous system, even in the Wigher srimas, =
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In the largest and most complicated vegetable organisms no traces of
nerves are perceptible, nor of any substance which can be considered as
at all analogous in structure or function : it is therefore concluded, that,
as vegetables are destitute of nerves, they are likewise wanting in the
faculty we term sensation. ¢

But the nerves not only bestow feeling, they also confer the power of
voluntary motion ; and, if the organs to which the motor nerves proceed
be suitably constructed, they enable the animal to effect progression, or,

"in other words, to change its situation from one place to another. As we
descend in the scale of creation, we find many animals destitute of that
power, and living on the same spot from the commencement to the ter-
mination of their existence; and all these creatures are inhabitants of the
‘water.

Such, then, are the essential characters of animals—an
external determinate form, gradually developed, with an in-

still imperfect ; and “ that there may be sensibility without nerves, and
contractility without muscles,”” in the lower animals is a statement that
has some support from observation. See “‘Seaside Studies,”” Black-
wood’s Magazine, 1857, p. 413, &c.

® Although the definition here given is sufficient for our present pur-
Pose, yet it is necessary to state, that, in a more rigorous and philosophi-
cal view of the subject, a line of demarcation between the vital phenomena
exhibited by animal and vegetable organisms cannot be established. The
possession of a stomach or digestive sac, and the power of locomotion,
formerly thought to be peculiar to animals, are no longer regarded as
such. Even the difference in the chemical processes effected by plants
and animals,—namely, the absorption of carbonic acid and the evolution
of oxygen by the former, and the opposite effects produced by the latter
—though a very general, is not a constant character; for some animals
evolve oxygen ; and from all the parts of plants which are not green,
carbonic acid is exhaled : and when light is removed from the plant, the
same thing happens everywhere. See Dr. Bence Jomes’s Gulstonian
Lectures, for 1346. The very difficult subject of the distinctive separa-
tion of the border-forms of animal and vegetable life is treated more or
less fully in nearly every work, original or compiled, on zoology and
physiology : for example, see Literary Gazette, 1856, p. 965 ; and Brit,
and For. Med. Chir. Review, July, 1856, p. 3. The reader should also
avail himself of the lucid and eloquent résumé of opinions on this subject
in M. P. H. Gosse’s elegant little work on * Life in its Lower, Inter-
mediate, and Higher Forms,” 1857, p. 25, &c., where Dr. Burnett (in
Siebold’s “ Comparative Anatomy ) is especially quoted.
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ternal organization possessing vessels for effecting nutrition
and support, and capable of attracting and assimilating
particles of inorganic matter; combined with a nervous
system communicating sensation and voluntary motion; a
certain term of existence being assigned to determinate
forms,—in other words, a period of life and death.

5. DIVERSITY OF ANIMAL FORMS.—Animals are as varied
in form and magnitude as the imagination can conceive;
from the god-like image of Man to the globule of jelly that
floats upon the wave,—from the Elephant and the Whale to
the Insect and the Animalcule, of which millions may be
contained in a drop of water. In fact, so numerous and
dissimilar, both in form and structure, are the animal organ-
isms that exist on the earth, that the opinion of Astronomers
that the inhabitants of the worlds around us must, from the
different densities and conditions of the respective planets,
be totally distinct and unlike any that are known to us, can-
not be considered as incredible or marvellous.* But of all
the shapes in which animal existence presents itself on our
globe, none are more extraordinary, or unlike what is com-
monly conceived of living beings, than those of the com-
pound creatures which have been described by naturalists
under the name of “Zoophytes,” or “ Animal-plants,” and
are familiarly known in their varied forms by the names
of Polyps, Corals, Dead-men’s-hands, Sea-pens, Sea-fans,
Sponges, &e.

6. ZoorHYTES. —In .classifying the Animal Kingdom,
naturalists have always readily recogmised the distinct-
ness of the three great divisions, now known as the Verte-
brated (Vertebrata of Cuvier), the Molluscous (Mollusca of
Cuvier), and the Articulate or Annulose animals (Articulata
of Cuvier; Annulosa of Macleay) ; but besides these there
is an extensive and somewhat heterogeneous series of ani-

* See Thoughts on Animalcules, or a Glimpse of the Invisible Wodd
revealed by the Microscope, p. 7,
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mals, generally of far more simple structure as individuals,
though frequently existing in compound and intimately
united groups. These were termed Radiaria or Radiata by
Lamarck, Fleming, and others, on account of the apparent
or fancied radiation of the organs and parts of the animal.
In this sub-kingdom were arranged the Echinoderms, the
Zoophytes, the Entozoa, the Infusoria, the Sponges, &c.
Recent researches have led to an improved classification of
these lower animals in many respects, as may be seen in the
works of modern anatomical and physiological naturalists ;*
and it will be sufficient here to point out that the word
Zoophyte is now technically used to indicate the Corals only,
although in a general sense all the plant-like animals are
sometimes called Zoophytes.

Of these plant-like animals there are three important and
very distinct groups.  The Bryozoa,t or “ Moss-animals ;”

* See Owen’s Lectures on the Invertebrate Animals, 2nd Edit.
Carpenter’s General and Comparative Physiology, New Edit.; Huxley’s
Lectures on General Natural History in the ‘‘ Medical Times,”” 1856—
57; Vander Heven’s Hand-book of Zoology (translated by Dr. Clarke);
Siebold’s Hand-book of Invertebrate Animals; .Milne Edwards’ Zoo-
logie ; Dallas’s Natural History of the Animal Kingdom ; Rymer Jones’
Animal Kingdom, New Edit.; Agassiz and Gould’s Comparative Ana.
tomy, &c., New Edit. (Bohn.)

1 So called by Ehrenberg, on account of their small branches and
frond-like forms, in contrast with the Anthozoa, or *“ Flower-animals,”
as he terms the true Corals, with the finely coloured flower-like expan.
sions on their branching and often tree-like skeletons, Both of these
groups have also other names ; for instance, the Bryozoa or Moss-corals
are the “ Polyzoa” of Thompson, the “Zoophyta Ascidioida ’’ of John-
ston, and the “ Ciliobrachiata’ of Farre; and the Corals are the « Poly-
pifera’’ of Grant, and the ““ Phytozoa’ of Brandt.

The name Bryozoa is here preferred to the somewhat earlier one of
“Polyzoa” (which Dr. Busk uses in his valuable descriptions of these
little animals, in his ¢ Catalogue of the Marine Polyzoa in the British
Museum,” and in his ¢ Zoophytology ** in the *“ Microscopical Journal **),
because it is a better and more distinctive name, there being several othes

groups of Polyzoic animals ; because it has been extensively used ir
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the Anthozoa, or Corals (Zoophyta proper) ; and the Amor-
phozoa, or Sponges.

The Bryozoa®* are compound animals, grouped on a horny
or calcareous frame-work (termed the “polyzoary,” or the
‘‘polypary,” as is also that of the Corals, also the ceenecium,
or “ common dwelling”’) ; the individuals or polypes are of
minute size ; the body has a ring of hollow ciliated tenta-
cles around the mouth ; the alimentary canal consists of a
stomach, gizzard, and an intestine, which has a free separate
vent,—a character of much importance, placing the Bryozoa
above the Corals in the scale of creation, and indicating
their alliance, on the one hand, to the Rotifera among the
Articulata, and to the Brackiopoda and Tunicata among the
Molluscs, on the other. Many of the Moss-corals occur on the
shells, rocks, and seaweeds of our shores ; and some of them
take the form of delicate Algs, and have been often collected
as such. They have been also miscalled “ Corallines ;" but the
real Corallines (Corallina officinalis and its allies), although
stony in structure, are really plants, belonging to the Alg:
there is, therefore, no relation, except that of “mimetic re-
semblance,” between the Corallines and the Cora]s, much
less the Bryozoa.

The Anthozoa, o Polypifera,} comprise three kinds of

zoology and palesontology ; and because, in the case of appellations in-
vented for groups of animals, plants, or minerals, whether they be names
of genera, families, orders, or classes, it is not the priority, but the adapt-
ability of the term that should, with few exceptions, determine the
general use of such appellations, under which the many -series of de-
scribed species are successively grouped and regrouped by philosophical
naturalists.

With *specific”” names, however, the case is different ; the published
name of a species is (or ought to be) not only the established technical
appellation of a distinct form in nature, but also the registered evidence
of the successful labour and acumen of its discoverer and describer.

* Medals of Creation, vol. i. p. 265, &e.

# Medals, vol. i. p. 251, &c. See also Edwards snd Tsimes Mowe-
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Polyp-animais,—1lat. ome of very simple form of strueture,
LRe toat of the < Froah-zater Poiype,” or Hpdrs; hence
this gronp ia caaed the Hydroida :* 20d, with a less simple
steuatira. otoeT cavitien existing in the body. besides thas of
the etrmach ; this ia typitied by the common Sea-anemone
(Aetinin ; and the group is termed the detinoides ox Zossr- |
tharia farimai-flowers), including the great mass of the
stemy (oraia (Madrepores, &c.) : and, 3rd. the Adateroida or
Aleyomaria, having the common Aleyonium or Dead-man's
hand for taeir type, and being characterized by their neary
simple stomach, and by the polypary being either spongy
or horry and gelatinons, and rarely forming a stony axis.

The 8;smges, or Porifera,t present innumerable variations
of form ; they are composed of a usually fibrous skeleton,
eovered with a gelatinous eoating, in which cilia and tempo-
rary alimentary openings have been observed;} the skeleton
or axia iz perforated with large and small passages, and is
frequently interwoven with silicious or calcareous spicula.
These ereatures are much lower in the scale than either-of
the cther Zoophytes. They hold a place on the confines of
animality, and indeed present but few essential points of
difference from vegetable organisms.

A group of fossil bodies, chiefly from the chalk, and known
under the name of “ Ventriculites,” § were long regarded as
8ponges; but, on account of certain peculiarities in the
structure of their tissue, Mr. Toulmin Smith | has assigned
to them a higher place in the animal series.

graphs tm Fomil Corals (Introduction), 1850—54, Paleont. Society;
Dana's Zoophytes ; Blainville's Actinologie, &c.

® Also known as the Sertularide. + Medals, vol. i. p. 219.

3 Bowerbank, Report Brit. Assoc., 1856 and 1857; and Roy. Soc.
Proc. 1407,

§ Bee above, vol. i, p. 330; and Medals, vol. i. p. 241. In the Lin-
nmsy ‘T'ranvact. vol. xi. p. 401, the author first referred these peculiar

djes to the Aleyonium.
Tat. Hist. 2 ser. vol. i. 1848, p. 36, &e.
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7. A¥tMAL NATURE OF ZoorHYTES.—Corals were long
tegarded by Naturalists as animal-plants (as the word
‘« Zoophytes” literally means), but Ferrante Imperato, in
1599, and Peysonnel,* in 1751, were the first to insist on
bhe true nature of these plant-like animals.¥ It was, how-
aver, in this town (Brighton) that, in the year 1752, the
animal nature of many of the Zoophytes which abound on
the Sussex coast was first established.} Mr. Ellis,§ an
eminent Naturalist, was engaged in forming a collection ot
marine plants, and, having occasion to examine some of the
specimens through a powerful microscope, he was astonished
to find that the Sponges, at that time supposed to be veget-
ables, possessed a system of pores and vessels through which
the sea-water circulated ; and that many of the Bryozoa ex-
hibited cells, from which tentacula or feelers were constantly
protruding, and then suddenly retracting, as if seizing and
devouring prey. Subsequent observations have proved that
the substance we call “sponge’ is the skeleton, or support,
of a gelatinous and vascular, or sometimes granular, sub-
stance which invests it, and which may be considered as the
flesh of the animal.] When viewed through the mieroscope,
innumerable pores are seen on the surface of the Sponge
constantly imbibing salt water, which circulates throughout
the mass, and is finally rejected from the large openings ;
this water doubtless contains the living atoms that constitute
the food of this zoophyte, but which are so minute as to

¢ Phil. Trans. Abridg. vol. x. p. 257.

1 For the history of the researches of Naturalists among the Zoophytes,
see Dana’s “ Structure and Classification of Zoophytes,’” 1846; Blainville
‘“Manuel d’Actinologie,”” 1834; and Johnston’s ‘ History of British
Zoophytes,” 1838, and New Edit.

1 See Prof. Allman’s Introduction to his magnificent * Monograph of
freshwater Polyzoa™ (Ray Soc.), 1856, for a complete history of the re-
cognition of these Zoophytes as animals, and as forming a distinct class.

§ Author of the beautiful work on * British Corallines,”” &c.— long the
standard authority on Zoophytology.

4 Grant, Edinb. Phil, Journ. vol. xiii. p. 102.
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elude observation. It is only of late that, after long and
patient observations, Mr. Bowerbank has succeeded in de-
monstrating the existence of true mouth-like openings in
the jelly-like coating, or sarcode, of the. Sponge. These,
however,—wonderful as it may appear!—are of a temporary
nature ; being opened in any part of the surface, apparently at
the will of the animal, and at long intervals of time, and
closing up again in a short time, without the least trace of
them remaining.*

The Sponges, however, approach so closely in_their struc-
ture to certain plants, that many eminent Naturalists have
referred them to the Vegetable kingdom, believing that, if &
line could be drawn between animals and vegetables, the
Sponges should be placed among the latter. But these
bodies appear to me to hold an intermediate place,—to be
on the boundary line that intervenes between the two grand
divisions of animated nature; they are, in short, true Zoo-
phytes or Animal-plants; it will, therefore, be instructive to
dwell a brief space on the investigation of their structure
and economy.

The living Sponge, when highly magnified, exhibits a .
cellular tissue, permeated by pores, wnich unite into cells,
or tubes, that ramify through the mass in every direction,
and terminate in larger openings. In most Sponges the
tissue is strengthened and supported by spines or spicula of
various forms, and which, in some species, are silicious, and
in others calcareous.t The minute pores through which the
water is imbibed have a fine transverse gelatinous net-work,
and projecting spicula, by which large animalcules or noxious
particles are excluded ; water incessantly enters into these

* Bowerbank, Brit. Assoc. Reports, 1856, p. 438 ; and 1857.

+ For descriptions of the Spicula of Sponges, see Prof. Quekett’s Lec-
tures on Histology ; and his Catalogue of the Histological series in the
Museum of the College of Surgeons, p. 177, &c., pl. 10, 11. Mr. Bower-
bank’s forthcoming History of the British Sponges (Ray Society) will

supply full details of all these curious organic structures.
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pores, traverses the cells or tubes, and is finally ejected from
the large vents. But the pores of the sponge have not the
power of contracting and expanding, as Ellis supposed ; the
water is attracted to these openings by the action of instru-
ments of a very extraordinary nature (cilia), by which cur-
rents are produced in the fluid, and propelled in the direc-
tion required by the economy of the animal.*

8. CiLia,} OB VIBRATILE ORGANS.—Although these or-
gans, which are termed Cilia from their hair-like appearance,
are not confined to the class of animals which form the sub-
ject of this inquiry, yet they play so important & part in the
economy of Zoophytes and all other animals, that it will be
necessary to define their structure and functions. These
Pprocesses resemble very slender fibres or hairs, and are only
visible under a powerful microscope. They are situated on
parts habitually in contact with -water or some other fluid,
and possess the power of performing a rotatory or circular
oscillation with great rapidity, by which they.produce cur-
rents and eddies in the surrounding fluid.

When a drop of water containing Infusoria is brought under the
microscope, it is seen that, as the creatures move along, every particle of
foreign matter near them is agitated, a phenomenon indicating eddies in
the water. When the animalcules remain stationary, the currents are
more distinct, and evidently take certain directions, causing the particles
of matter to run in a stream to and from the animal. If a very high
magnifying power be employed, transparent filaments will be distinguish-
ed projecting from the surface of the animalcules, and moving with ex-
treme rapidity. These are the Cilia, which serve to assist in progression,
and when the animal is stationary, impel the water in currents through
the cavities and tubes on which they are distributed : these must not be
mistaken for the tentacula, or feelers, for they are fringes of delicate
fibres investing those instruments and the internal surfaces of other or-
gans. The Cilia are so minute, that their outward form, position, and
the direction of their motions only can be detected, their internal struc-

® Dr. Grant, Mr. Bowerbank, and some other Naturalists affirm the
existence of vibratile cilia in Sponges. See Gosse's ** Life,” p. A, e B
34, &e. 4+ Prom cilium, sn eyeadh.
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ture e!uding observation. In the simplest animal organisms they are the
organs by which mqtion and respiration are effected, and the food neces-
sary for nutrition obtained. But they exist also in Man and the higher
orders of vertebrata, and are the instruments by which many of the most
important functions of the animal economy are performed. As we can-
not separate the idea of muscular fibre from animal motion, it is coa-
jectured that the Cilia are 1mpelled by definitely arranged muscles : and
Ehrenberg believes he has detected these muscles in some of the larger
Infusoria.®* The number of the cilia, even in an animalcule invisible to
the naked eye, is almost incredible ; Dr. Grant calculates that a single
polype of a Flustra has 400 millions.

9. Tue HYDERA, OR FRESH-WATER PoLYPE.t—DBefore de-
scribing the zoophytes which are the immediate subject of
this Lecture, I would call your attention to one of the most
simple forms of animal life that abounds everywhere in fresh-
water streams, and, being relatively of considerable size, will
afford a convenient illustration of some of the vital phe-
nomena exhibited in the coral-zoophytes which give rise to
reefs and islands in the seas of warm climates, and of one
group of which (the Hydroida or Sertularide) it is the
simplest form and type. This is the Hydra, or fresh-water
polype, of which two or three kinds inhabit our ponds,
rivulets, &e. They are generally attached to the stems and
leaves of aquatic plants; and the largest species, when in an
expanded state, is from a quarter to half an inch long, and of
the size of a hog’s bristle ; it is constricted at the end at-
tached to the plant, and has an aperture or mouth at the
free extremity, from around which proceed from six to ten

® See the representation of the Cilia on the rotatory organs of the
Rotifer or Wheel-animalcule in ¢ Thoughts on Animalcules,” p.35. The
continuance of the ciliary motion in parts separated from the rest of the
body of Mytilus and many other animals, and even for some time after
death, proves that the action is automatic, or independent of the will of
the animal,

+ Polype, or polypus (many feet), is & name derived from the tenta-
enla or processes which in some species serve for progression, in others

for respiration. The name has been also applied W owme of e wang.
t Cephalopods.
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tive and contractile in all its parts. It fixes itself to other
bodies by the small end of the tube, and expands and con-
tracts at pleasure. These enlarged drawings (Zigs. 189)
represent the polypes in different positions and states of
contraction. The mode of progression is shown in figs. 6,
7, 8; it is effected by the bending of the body into a curve,
and holding by the tentacula; the base is then brought into
contact with the fixed point, and the tentacula are again
projected forwards. The Hydra* can greatly elongate the
body, and also contract itself into a small globular mass, as
in the uppermost polype in fig. 2.

The most extraordinary vital endowment possessed by
these fresh-water polypes is that of the reproduction of lost
parts to an almost unlimited extent; even to the formation
of several perfect animals from the separated pieces of a
single individual. If the body be split in half, each portion
grows into a complete Hydra, as is shown in this drawing
(fig- 9); and, as if there were no limits to its transforma-
tions, the creature may be turned inside out, and that which
was the surface of the stomach will become the epidermis,
and the outer skin form the lining of the new stomach$ and
carry on the process of digestion !}

10. ELEMENTARY ORGANIC STRUCTURE; CELLS.— The
interpretation of these phenomena is to -be found in the
peculiar organization of the Hydra, its entire structure
being nothing more than an aggregation of cells.

A vertical section of the Polype (Lign. 139, £ig. 5) shows the internal
cavity or digestive sac, the relative thickness of the substance of the body,
and the manner in which the arms are formed by a prolongation of the

upper part into hollow processes. This animal is, in fact, a simple sac
or pouch formed of a congeries of cells, for the reception and assimilation

* See ‘ Thoughts on Animalcules,” PLl. 1., for coloured figures of the
Hydre.
+ Abraham Trembley of Geneva, in 1740, first observed this wondei-
fnl property of the Hydra. See his work, * Mémoires powr servir &
¢ d’un Genre de Polypes d’Eaun douce” & Leyde, \MAA,
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of food. The cells lining the stomach select and absorb the nutritious
particles, and the tube then spontaneously contracts and casts out the
residue of digestion. This organization is analogous to that of the sim-
plest condition of the vegetable kingdom, the Cellulose: for even the
large Fuci, or sea-weeds, consist only of cells. The fresh-water Conferva
are merely jointed films composed of cells, containing granules or lesser
cells. A cell bursts, the granules escape, and float in the water until
they become fixed to some other body ; they then reproduce cells, which
are aggregated after the same pattern as in the parent plant. The com-
mon mould or mustiness is a cluster of plants formed of cells only; and
there are some vegetables in.which the entire plant consists of but one
tsolated cell ; such as the red snow (Leparia nivalis) ; whilst in the yeast-
fungus' ( Tortula cerevisia), the plant consists of but one, two, three, or a
few more. In these examples we see that all the functions of vegetable
life, namely, absorption, assimilation, the fixation of carbon from the
atmosphere, respiration, exhalation, secretion, and reproduction, can be
effected by one single cell. Even in the highest and most complicated
orders of vegetables, in which there is a variety of organs adapted for the
performance of different offices, these functions are effected by the agency
of cells, which obtain materials of formation and support from the ordi-
nary chemical agents around them. Thus an aggregation of simple cells
firms the cellular tissue; a fusion or blending of several cells produces
the vessels, and so forth ; and by cells are elaborated the gum, resin, oil,

" starch, gluten, &c.: and by cells specially endowed are secreted the
narcotic substance of the poppy, the deadly poison of the nightshade, and
the stimulant aromatic of the clove.

In like manner, in animal structures, all the various processes of vital-
ity are performed by cells or globules, varying in size from infinite mi-
nuteness to forms visible to the unassisted eye. Thus one system of cells
secretes the bile, another the adipose substance, another the nervous
matter, and so forth ; but how these special products are formed by cells
apparently of similar organization we know not. Whether the special
endowment belonging to the system of cells of a particular organ depends
on the intimate structure of the wall or tissue of such cells, and this
structure be so attenuated and infinitesimal as to elude our observation,—
or whether it results from the transmission of some peculiar modification
of that mysterious vital force we term nervous influence,—are questions
to which, I apprehend, no satisfactory reply can be given.

In fine, a minute globular cell is typical of the common germ from
which ‘all organic fabrics proceed. All animals and plants, therefore,
may iustly be regarded as definite aggregations of cellg, endowad Wit

specific properties in the different types, and subjected o a nevet vexy-

2R
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® ue Monads . sen * Thonghts on Animalcules,” Plate 11,

p Vestiged of the Natural thatory of the Creation.
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vort alsowhere than to & mere specnlative law of development for
suation,” -~ Drit, Asaoo, Report for 1849, v, A2,
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The increase of the Flustra is thus described by Lamouroux.
—When the animal has acquired its full growth, it flings
from the opening of its cell a small globular body, which
fixes near the aperture, increases in size, and soon assumes
the form of a new cell ; it is yet closed, but through the
transparent membrane that covers its surface the motions of
the polype may be detected ; the habitation at length bursts,
and the tentacula protrude, eddies are produced in the water,
and conduct to the polype the atoms necessary for its sub-
sistence.

Innumerable specimens of Bryozoa or Moss-corals* are
found in the fossil state, in every geological formation ; and
sometimes they occur in such abundance as to form whole
stratified masses, as in the case of the Suffolk Crag,t and
the upper part of the Maestricht Chalk. The White Chalk
of the South of England, and of France and Germany, con-
tains a large proportion of Moss-corals,} but chiefly in a
fragmentary condition.

The Graptolites,§ found in the Silurian rocks, have been
referred by some authors to the Bryozoan group; by others,
however, they have been placed with the Virgularie of the
Alcyonarian order.

13. Tae Foop or ZooruyrEs.—However improbable it
may appear to the mind unaccustomed to investigations of
this nature, that beings so minute as those under examina-
tion should prey upon living forms yet more infinitesimal,
the fact is nevertheless unquestionable. It is even possible
to select the food of animalcules much smaller than the

* Medals, p. 265. From the imitative resemblance of many of their
little polyparies to those of the larger Corals, the Bryozoa are often re-
ferred to by the above name.

+ This was formerly termed *‘ Coralline Crag,”” owing to the then im-
perfect state of the nomenclature of the Zoophytes. See vol. i. p. 224,

1 See vol. i. p. 331. Also D’Orbigny’s ‘‘ Paléontol. Frangaise ;  and
Hagenow’s “Die Bryozoen der Maastrichter Kreidebildung.”’

§ Medals, p. 255,
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14. NATURE OF ZooPHYTES.—In the larger and free
masses of Flustra, the decomposition of the animal substance
after death is very manifest. This specimen of Flustra foli-
acea, which was dredged up twenty miles SSW. of Brighton,
in water eighteen fathoms deep, is a fine example of this
brittle species ; when first in my possession it was highly
offensive from the emanations evolved during the decompo-
sition of the animal matter. It is now a flexible calcareous
skeleton, with here and there portions of the shrivelled in-
tegument, but, of course, without any traces of polypes in
the cells.

Let us now refer to our previous remarks, and inquire if
the Flustra presents the essential characters of animal ex-
istence. Its polype possesses a determinate form, and has
a calcareous skeleton covered by a soft fleshy substance, that
can for a certain period resist chemical and mechanical
agency. It is furnished with instruments capable of moving
with great celerity, is susceptible of external impressions,
and can expand and contract at will. Here, then, is evi-
dence of sensation and of voluntary motion; and although,
from the extreme minuteness of thg structure, nerves can-
not be detected, yet there can be little doubt that it pos-
sesses a nervous and also a circulatory system for effécting
nutrition and reparation. We find, also, that, when remov-
ed from the element in which it lived, the creature dies, and
its soft substance, like the flesh of the larger animals, under-
goes putrefaction ; it has lost the vital principle by which it
previously resisted chemical agency, and now submits to the

- effects of those laws which act upon inorganic matter; the
extreme. Organized beings, possessing life and all its functions, have
been discovered so small that a million of them would occupy less space
than a grain of sand. The malleability of gold, the perfume of musk,
the odour of flowers, and many other instances might be given of the ex-
cessive minuteness of the atoms of matter: yet, from a variety of circum-

stances, it may be inferred that matter is not infinitely divisible.””— Mys.
Somerville, p. 125.
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ment before 8o active, vanishes. In certain species of Bry-
ozoa (Bugula flabellata,* for example), each cell is accom-
panied by a bivalved appendage, much resembling in form
the beaks and head of a vulture, and termed the “aviculs-
rium ;” and these appendages open and shut apparently with-
out the control of the polrpe that occupies the cell; their
functions seem to be related to the horny axis that connects
the group of independent living animalcules of which the
entire compound zoophyte is composed, and not to the poly-
pes themselves.t+

15. Tue CoraLs, or PoLYPIFERA.—The Corals, or Poly-
pifera (Zoophytes proper), present an extensive series of
varied and extraordinary forms of zoophytal organization.
In some, the skeleton} or support consists of various com-
binations of earthy and animal matter, as«t is in the Flustrs,
but solid and hard as stone; in many examples it branches
out like a tree (Lign. 143, p. 624) ; in others, it constitutes
heispherical masses, having numerous convolutions on the
surface, somewhat resembling in appearance the brains of
quadrupeds (Lign. 14%) ; and in many it forms an aggregs-
tion of tubes, terminating in star-like openings (Pl. VL fig.

* Formerly known as Flustra avicularis. See Busk, op. cit. p. 44, pl.
51, 52.

+ The reader will find some highly interesting observations on this
phenomenon in Mr. Darwin’s *“ Journal of a Voyage round the World,”
chap. ix. p. 200. Mr. Gosse has suggested that possibly the use of the
avicularia may be to fortuitously catch and to hold minute animals until,
attracted by their decomposition, hosts of other animalcules swarm in the
neighbourhood and come within the currents produced by the ciliated
tentacles of the zoophytes themselves.

1 The axis, framework, or skeleton of these groups of polypes is term-
ed polypary, or polypidom (polype-habitation); and those of a stony
hardness are familiarly known as “ Coral:*’ these names therefore refer
to the durable skeleton of the zoophytes, and not to the polypes them-
selves ; but in familiar writing the term Coral is often used to designate

the entire living mass. In a fossil state the polyparium slone remaing,
except in a fow instances, See  Medals of Creation,” cunp. v
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9). Among the branched varieties, some are covered by
‘pores so numerous as to be called Millepora : in many, the
openings are distant : some have star-like markings here and
there ; while in others, the whole surface presents a stellated
structure. In many species the fleshy animal matter en-
tirely covers and conceals the stony skeleton during life ; in
others, the latter becomes exposed, and forms a trunk, having
branches covered by living polypes; while in another and
numerous division (of which the common Sertularia is an
example), the skeleton is flexible, and is secreted by the
outer surface of the soft parts, and constitutes an external
protection to the polypes (PI. V. fig.1). In another family,
the Gorgonide (Lign. 145), the skeleton is of a horny or
ligneous texture, and flexible, bending to the motions of the
waves; while in some it is jointed or articulated, as in the
Isis (Lign. 143, fig. 3). Sometimes the skeleton is impress-
ed with the cells, as in the Madrepores (Lign. 143, fig. 2);
while in other species, as the Red Coral, the stem is smooth,
and exhibits no traces of the peculiar structure of the
animal, the polype-cells being formed of the investing soft
substance (PI. V. fig. 9). Yet amidst all these varieties of
form, the same essential characters are maintained ; in all
there is a skeleton or solid support, and a fleshy or gela-
tinous substance, either investing the polypidom and studded
with polypes having more or less simple stomachal cavities ;
or constituting separate polypes, but more or less intimately
connected by imtermediate animal and calcareous matter.
16. THE SERTULARIAN ZooprHYTES.* —The Hydra, as
above mentioned, p. 606, is regarded as the type of the Sertu-
larian Zoophytes ;+ and, supposing it to be invested with a

* For the classification and® description of the members of this group,
the reader is referred to Johnston’s * British Zoophytes,” 2nd Edit.
+ There have been of late years discovered some remarkable points of

alliance between these Hydroid zoophytes and the Acslepus \Meduse,
&c.). .



620 THE WONDERS OF GEOLOGY. Lacr. V1 ﬂ

horny coat, to be elongated by growth, and to retain all the
buds, or young Hydrs, which are formed on its axis or stem
throughout life, we might regard it as truly analogous to s
Sertularia. The elegant arborescent Sertularie must be
familiar to every one who has rambled by the sea-side. This
branch of the Sea-pine (Lign. 141), part of which is shown
magnified in fig. 2, exhibits the usual appearance of these
zoophytes. The Sertularia consists of tubes united together,
and having lateral apertures for the protrusion of each
polype; one elegant species, the Sertularia setacea, is very

1 2

LIGN. 141.—SERTULARIA NIGRA (JOHNSTON).

Fig. 1. Naturalsize. 2. A portion highly magnified (the tentacles not being protruded
from the cella).

abundant on the shores at Brighton after storms, being at-
tached to fuci and other sea-weeds. The representation of
a branch, magnified sixty times, in Plate V. fig. 1, shows the
form of the polypes, which, when fully expanded, are of great
beauty. On one occasion, when I was present, Mr. Lister
was observing a living specimen, when a little globular
animalcule swam rapidly by one of the expanded polypes;
the Iatter immediately contracted, seized the globule, and
brought it to the mouth or central opening by s tentuedny
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cent state.* The Actinoidea vary considerably in relative
size, and present every state of combination, up to the
enormous aggregations of individuals existing in the reef-
forming species. The polypes, too, vary greatly in size, "
from being microscopic to having a diameter of eighteen
inches.

The stony Corals present polypes which are readily
found, on examination, to present a close analogy to the
Actinie, or Sea-anemones, which are so common on the
rocks and in the shallows of our sea-shores; a few observa-
tions on these latter animals will therefore enable us to
comprehend the nature of this group of polypifera. The
Actinia, or Ses-anemone, appears, when quiescent, like a
subglobular mass of tough jelly, of various tints of crimson,
green, blue, or brown (see Pl. V1. fig. 11) ; when expanded,
it presents a broad disk, surrounded by tentacula, and having
in the centre a corrugated surface, which is contracted into
a purse-like form.

The Actini® are affixed to the rocks by a broad base, but
they can detach themselves, and change their position; on
many parts of the coast hundreds may be seen, at low water,
on the rocks which are left bare by the reflux of the tide.
They are carnivorous and very voracious, feeding on the
small fish, crustacea, and mollusca that come within their
reach. They may be kept for months in sea-water, if sup-
plied daily with meat, which they greedily seize, draw into
the sac or stomach, and afterwards eject perfectly colourless,
having absorbed the juices and left the tough muscular
fibre. The body of the Actinia is highly contractile and
full of chambers: the tentacula are hollow tubes, which
the animal has the power of filling with sea-water and

* For the classification of these Corals, see Dana’s Zoophytes, p. 112
and Edwards and Haime, loc. cit. Numerous fossil species are figured
and described by Michelin, Iconog. Zoophyt. 4to, 1847.
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corals, the eells of the polypes are very numerous, and the
coralline mass presents a surface beautifully marked with
stellular impressions. The Astrea viridis is here repre-
sented as seen alive in the sea (Pl. V1. fig. 13). The polypes
in this coral are of a dark-green colour, six lines in length,
and are protected by deep, laminated, polygonal cells, two
lines in diameter. They are striated with longitudinal and
transverse bands, and connected by a fleshy layer which
covers the dark-brown coral ; some of the polypes are here
shown expanded, and others contracted. In this magnified
view (PI. VL fig. 10) of a single polype, the tentacula are
seen expanded, or disposed around the prominent mouth.
The appearance of groups of Astrzz, and other corals, when
viewed while the animals are alive and in activity, is most
beautiful ; looking down through the clear sea-water, the
surface of the rock appears one living mass, and the congre-
gated polypes present the most diversified and vivid hues.*
The Pavonia are those corals which have deep and isolated
cells, each containing a large depressed polype, very similar
in its appearance and structure to the Actinia. Pl V1. fig.
11, represents a group of cells containing polypes of the P.
lactuca, from the shores of the South Sea islands. The
polypes are of a green colour, and there is a connecting,
transparent, fleshy substance, which extends over the ex-
treme edges of the foliated expansion of this elegant zoo-
hyte.
P 22. M EANDRINA CEREBRIFORMIS ; or Brain-coral.—The
large hemispherical corals, having the surface covered with
meandering ridges and depressions, disposed in a manner
somewhat resembling the convolutions of the brain, are well
known by the name of the Brain-stone Coral (Lign.144). In
a living state the mass is invested with a fleshy substance,
variously coloured, and having numerous, short, conical,
polypiform, confluent cells, arranged in rows between the
® Dana’s Zoophytes, p. 29.
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the more durable materials of the generation that has-passed
away serve as the foundation over which their progeny
spreads successive accumulations of calcareous matter.

23. ALCYONARIAN ZOOPHYTES : GORGONIA, OR SEA-FAN.—
The Gorgonia flabellum,or Venus’s fan (Lign. 145),is a flexible
zoophyte inhabiting almost everysea, and frequently attaining
a height of four or five feet. When fresh from the water it
is of a bright yellow colour. This species exhibits the usual
structure of the corticiferous polypifera, or zoophytes having
an internal axis or skeleton of a tough horny consistence,
with an external envelope or rind entirely investing the
former. The Gorgoni® present great'diversity of form and
appearance. This specimen from the West Indies (PL
VI. fig. 2) is remarkable for its richness of colour, being
a bright yellow, spotted with red; this species (Pl VI.
fig. 3),from the Mediterranean, has its pendant branches
very elegantly disposed, and is of a purplish-lake colour;
in both these examples the axis is black, and of the con-
sistence of tough horn. Another beautiful species from
the Mediterranean (the Gorgonias patula of Ellis) is of a
bright red, and has the openings for the polypes disposed
in two rows; a portion, highly magnified, is here represent-
ed (PL V. fig. 8), and exhibits several polypes in different
states of protrusion.

These flexible Alyconaria are mostly attached to the rocks
by an extended base, the surface of which is usually deprived
of the fleshy substance that invests the other parts. The
stem which springs from the base, although in a few species
simple, generally divides into branches, which are exceed-
ingly various in their size and distributions :—double, single,
anastomosed, pinnated, straight, and pensile ; and the stems
are either compressed, flat, angular, or cylindrical; but in
all these modifications the same structure prevails—an axis
and an external crust or rind. The former is either horny,
elastic, flexible, brittle, or pithy, seldom stony, and of a dark
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Numerous species of the Asteroid Polypes, especially
Alcyonium, Gorgonia, Pennatula, and their congeners, have
calcareous spicules * imbedded in their leathery or fleshy in-
tegument, as in the Sponges. Horny spicules have been dis-
covered in some Actinice.t

24. Tae Rep CoraLn; Corallium rubrum.—Among the
Alcyonarian or Asteroid Zoophytes are a few genera having
an axis composed of a calcareous stony substance ; and one
genus possesses a skeleton of so beautiful a colour, and sus-
ceptible of so fine a polish, as to be largely employed for
ornamental purposes. The Red Coral is a branched zoo-
phyte, somewhat resembling in miniature a tree deprived of
its leaves and twigs. It seldom exceeds one foot in height,
and is attached to the rocks by a broad expansion or base.
It consists of a brilliant red stony axis, invested with
a fleshy or gelatinous substance of a pale blue colour, stud-
ded over with stellular polypes. This figure (PI. V. fig.
9) represents a branch of “Coral” with several polypes,
highly magnified, as seen alive in the water. The cortical
or fleshy substance is removed at the extremities of the
branch, and the red stony axis exposed. As the cells of
the polypes are only composed of the soft animal matter
which rapidly undergoes decomposition after death, no
traces of their structure remain on the durable skeleton.

The Red Coral, as is well known, is of a very hard and
durable texture ; it is obtained by dredging in different parts
of the Mediterranean and Eastern seas, and forms an im-
portant article of commerce. It varies muchin hue, accord-
ing to its situation in the sea: in shallow water it is of the
most beautiful colour, a free admission of light appearing
necessary for its full development. It is of slow growth;
eight or ten years, in a moderate depth of water, being
necessary for it to reach maturity. Arrived at this period,

¢ See Histological Catalogue, Roy. Coll. Surg. vol. i. p. 222, pl. 13;
and Dana’s Zoophytes, p. 53. 1 Histol. Catal, p. 226.
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it extends but very slowly, and is soon pierced on all sides
by those destructive animals which attack even the hardest
rocks : it loses its solidity, and a slight shock detaches it
from its base. Becoming the sport of the waves, the polypes
perish, their brilliant skeleton is exposed, and cast upon the
shore ; the bright colour soon disappears, and the coral, re-
duced to fragments by the attrition of the waves, becomes
mixed with the remains of shells and other marine exuvie:
in this state it is drifted inland by the winds,* and assists in
forming those accumulations of the spoils of the sea, which
constitute many of the modern conglomerates described in
a previous lecture (pp. 83 and 90).

25. Tusirora.—This group of the Alcyonarian corals is
well known from the elegance and beauty of one species
(Sarcinula musicalis, or Organ-pipe coral), which is common
in most collections. This zoophyte is composed of parallel
tubes, united by lateral plates, or transverse partitions,
placed at regular distances (PI. V1. figs. 7, 9) ; in this man-
ner large masres, consisting of a congeries of pipes or tubes,
are formed. When the animalcules are alive, each tube con-
tains a polype of a beautiful bright green colour, and the
upper part of the surface is covered with a gelatinous mass
formed by the confluence of the polypes; a magnified view
of a polype and of sections of two tubes is here represented
{PI. VL. fg.7). This species occurs in great abundance on
the coast of New South Wales, of the Red Sea,.and of the
Molucea Islands, varying in colour from a bright red to a
deep orange. It grows in the shape of large hemispherical
masses, from one to two feet in circumference ; these first
appear as small specks adhering to a shell or rock; as they
increase, the tubes resemble a group of diverging rays, and

® The term ‘““®olian’ has been aptly applied by Col. Nelson to the
terrestrial formations resulting from the drifting action of the winds.
See Quart. Journ. Geol. Soc. vol. ix. p. 206.
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at length other tubes are produced on the transverse plates,
thus filling up the intervals, and constituting a uniform
tubular mass; the surface being covered with a green fleshy
substance, beset with stellular animalcules. The protruded
polype of another beautiful species of Tubipore (ZTubipora
rubeola) is represented magnified, PI. 6, fig. 4; and a view of
an expanded polype of the same seen from above, in fig. 6;
the polype of another species of Tubipore is represented in
Sig. 12.

26. GFEOGRAPHICAL DISTRIBUTION OF Corais.—Having
described a few of the principal varieties of the Polypifera,
I will next consider the geographical distribution of these
zoophytes ; and subsequenily review the important physical
changes effected by creatures so minute, and apparently so
incompetent to produce any material alteration in the earth’s
surface.

The Corals are inhabitants of the ocean; many species
prefer the immediate influence of atmospheric changes, and
sre seen on the rocks and plants left bare by the reflux of
the tide, sometimes in such profusion that the whole surface
appears one animated mass. At the period of the great
equinoctial tides, when the sea retires from the rocks which
it has overflowed for many preceding months, the Polypifera,
when the waters first recede, are full of vigour, but languish
as they lose their moisture, and perish if they remain long
uncovered by the sea.

Some kinds are situated on the southern slope of the
rocks; others, on the contrary, are attached to the opposite
aspect, and never to the former. The larger forms are rarely
found in places exposed to violent currents; it is in the hol-
lows of the rocks, in submarine grottos, in the shelter of
large and solid masses, that these species attach themselves.
Many appear fitted to enjoy the powerful action of the
surges, their pliant branches bending to the movements of
the waves, and floating in the agitated water; while others
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The Sponges are similarly prolific to a vast extent, pre-
senting enormous masses and fantastic shapes, in the Med-
terranean and tropical seas; whilst a stunted and limited,
though still varied and numerous, group of Spongiade grow
sround the coasts of the temperate and colder seas. The
Sponges frequent the fresh waters also; and the study of
the growth and structure of the Spomgills bas enabled
naturalists of late to add much to our knowledge of these
low forms of life.

27. ApPPEARASCE or THE LIVING ComaLs.—In some
parts of the sea the eye perceives nothing but a bright sandy
plain at the bottom, extending for many hundred miles ; but
in the Red Sea, the whole bed of this extensive basin of water
is absolutely a forest of submarine plants and zoophytes.
Here are bryozoa and sponges, sertulariz, gorgonise, madre-
pores, fungiz, and other anthozoa, with fuci, algz, corallines,
and all the variety of marine vegetation, covering every part
of the bottom, and presenting the appearance of a submarine
garden of the most exquisite verdure, enamelled with animsl
forms, resembling, and even surpassing in splendid and
gorgeous colouring, the parterres of the East.

Ehrenberg, the distinguished German naturalist, who has
laboured o assiduously and successfully with pen and penecil
in illustrating the natural history of the Infusoria and Fora-
minifera, was so struck with the magnificent spectacle pre-
sented by the living Corals in the Red Sea, that he exclaimed
with enthusiasm, “ Where is the paradise of flowers that can
rival in variety and beauty these living wonders of the

Iarian Zoophytes, the reader is referred to the works of Lamouroux,
Blainville, Dana, Darwin, and others. With regard to the Bryozoan
Zoophytes, an excellent synopsis of their distribution in depth, according
to the marine zones, on the British coast, may be seen in Mr. Alder's
“ Catalogue of the Zoophytes of Northumberland and Durham,” Trans.
Tyneside Nat. Field-club, vol. ii. p. 98, and in the Microscop. Journal,
1857, p. 242, To Mr. Aliman’s beantiful monegraph of the Frednowater
Bryosoans (Ray Society, 1856) we have already rvelirred.
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ocean ?’’ Some have compared the appearance to beds of
tulips or dahlias ; and, in truth, the large fungiw, with their
crimson disks and their purple and yellow tentacula, bear no
slight resemblance to the latter.

The impressions produced upon first seeing a grove of live
Corals are thus vividly portrayed by Mr. Jukes.*—

“In a small bight of the inner edge of this reef was a sheltered nook,
where the extreme slope was well exposed, and where every coral was in
full life and luxuriance. Smooth round masses of meandrina and astreea
were contrasted with delicate leaf-like and cup-shaped expansions of ex-
planaria, and with an infinite variety of branching madrepors and seria-
topore, some with mere finger-shaped projections, others with large
branching stems, and others again exhibiting an elegant assemblage of in-
terlacing twigs, of the most delicate and exquisite workmanship. Their
colours were unrivalled, —vivid greens, contrasting with more sober
browns and yellows, mixed with rich shades of purple, from pale pink to
deep blue. Bright red, yellow, and peach-coloured nulliporee clothed
those fleshy masses that were dead, mingled with beautiful pearly flakes
of eschara and retipora ; the latter looking like lace-work in ivory. In
among the branches of the corals, like birds among trees, floated many
beautiful fish, radiant with metallic greens or crimsons, or fantastically
banded with black and yellow stripes. Patches of clear white sand were
seen here and there for the floor, with dark hollows and recesses, beneath
overhanging masses and ledges. All these, seen through the clear crystal
water, the ripple of which gave motion and quick play of light and sha-
dow to the whole, formed a scene of the rarest beauty, and left nothing
to be desired by the eye, either in elegance of form or brilliancy and
liarmony of colouring.”

The vast abundance and variety of animal life in these
Coral formations is thus vividly depicted by the same natur-
alist :—

¢ A block of coral-rock, that was brought up by a fish-hook from the
bottom of one of our anchorages, had its surface covered with brown,
crimson, and yellow nullipore, many small actinie, and soft-branching
corallines, sheets of flustra and eschara, and delicate retipore, looking
like beautiful lace-work carved in ivory, There were several small
sponges and alcyonia, sea-weeds of two or three species, two species of

* “Narrative of the Surveying Voyage of H. M. 8. Fly, m Y\2—
4816;” by J. B. Jukes, Naturalist to tne Expedition, vol. 1. 3. 3\1.
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comatula, and one of ophiura, of the most delicate colours and markings,
and many small, flat, round corals, something like nummulites in external
appearance. On breaking into the block, boring shells of several species

were found buried in it : tubes forined by annelida pierced it in all direc-

tions, many still containing their inhabitants: while two or three worms,

or nereis, lay twisted in and out among its hollows and recesses ; in which

likewise were three small species of crabs. This block was not abovea

foot in diameter, and was a perfect museum in itself, while its outside

glared with beauty from the many brightly and variously coloured animals
and plants. It was by no means a solitary instance; every block that
could be procured from the bottom in from 10 to 20 fathoms was like it.
What an inconceivable amount of animal life must be here scattered
over the bottom of the sea, to say nothing of that moving through its
waters ; and this through spaces of hundreds and hundreds of miles!
Every corner and crevice, every point occupied by living beings, which,
as they become miore minute, increase in tenfoid abundance.” Ibid.
vol. i. p. 17.

28. CurAL-REEFS.—The vast accumulations of caleareous
rocks in tropical seas, resulting from the consolidation of the
disintegrated skeletons of polypifera, have already been al-
luded to, but the physical changes that are produced by such
apparently inadequate means require further consideration,
since they illustrate the formation of the coralline rocks of
the secondary and palzozoic epochs.

Mr. Juke’s description, above quoted, of a composite
block of Coral illustrates this point; and in the little Flustre
of our coast (p.612), delicate and brittle though they be,
we perceive the elements of those important changes to
which the large lamellar corals of tropical seas are giviug
rise. In the specimen before us, you may observe that the
base of the mass of a Flustra foliacea, which is about six
inches in diameter, is already counsolidated by an aggregation
of sand, that has filled up the interstices. On the surface
are numerous parasitical shells and Corals, and between the
convolutions of its foliated expansions, echini, crustacea, and

other animals have taken shelter; while sand and mud have
invested every cranny of the lower third of the spedmes,
“edded serpule, sabellm, and fragments of ey
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to be full of polypes of different lengths and colours ; some being as fine
as a thread, of a bright yellow, and sometimes of a blue colour. The
growth of coral appears to cease when no longer exposed to the washing
of the sea. Thus a reef rises in the form of a cauliflower, until the top
has gained the level of the highest tides, above which the animalcules
have no power to advance, and the reef of course no longer extends
upwards.”

29. CoraL-1sLANDS.—Kotzebue, Flinders, Quoi and Gai-
mard, Darwin, Dana, Jukes, and others have severally de-
scribed the formation of Coral-islands; the following is an
abstract of their observations :—

The coral-banks are everywhere seen in different stages of progress:
some are become islands, but not yet habitable ; others are above high-
water mark, but destitute of vegetation; while many are overflowed with
every returning tide. When the polypes of the corals at the bottom of
the ocean cease to live, their skeletons* still adhere to each other; and,
the interstices being gradually filled up with sand and broken pieces of
corals and shells, washed in by the sea, a massof rock isat length formed.
Future races of these animalcules spread out upon the rising bank, and
in their turn die, and thus increase and elevate this wonderful monument
of their existence.

The reefs which raise themselves above the level of the sea are usually
of a circular or oval form, and surrounded by a deep and oftentimes un-
fathomable ocean. In the centre of each, there is gencrally a shallow
lagoon with still water, where the smaller and more delicate kinds of
zoophytes find a tranquil abode; while the stronger species live on the
outer margin of the isle, where the surf dashes over them. When the
reef is dry at low water, the coral-animals cease to increase. A con-
tinuous mass of solid stone is then seen, composed of shells, echinoderms,
and fragments of corals, united by calcareous sand, produced by the pul-
verization of the shells and of the friable polyparia. Fragments of coral-
limestone are thrown up by the waves ; these are cracked by the heat of
the sun, washed to pieces by the surge, and drifted on the reef. After

* The chemical constitution of the polyparies of Alcyonarian and
Actinvidean Corals is treated of by Prof. Dana in his “ Zoophytes,” p-
56, and by Prof. B, Silliman, jun,, in the Appendix to that work. Mr-
B. Silliman has shown, contrary to expectation, that they contain a mucks

larger proportion of flucrine than of phosphorie acid,
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this the calcareous mass is undisturbed, and offers to the seeds of the
Cocoa, pandanus, and other trees and plants, floated thither by the waves,
& goil on which they rapidly grow, and overshadow the white dazzling
surface. Trunks of trees, drifted by currents from other countries, find
here at length a resting-place, and bring with them some small animals,
as lizards. insects, &c. Even before the trees form groves or forests, sea-
birds nestle there, and strayed land-birds find refuge; and at a still later
period, Man takes possession of the newly-created country. It is in this
manner that the Polynesian Archipelago has been formed.*

The immediate foundations of these islands are ancient coral-reefs, and
some of these, in all probability, are based on the cones or craters of sub-
marine volcanos long since extinct ; and others on the lofty peaks of a
submerged continent which has undergone a slow subsidence, and thus
admitted of the growth of successive generations of the coral-secreting
zoophytes, and the formation of immense beds and zones of submarine
coral-rocks. There is another circumstance worthy of remark : most of
these islands have an inlet through the reef 4 opposite to the large valleys
of the neighbouring land, whence numerous streams issue and flow into
the sea ; an easy ingress is thus afforded to vessels, and the means of ob-
taining an abundant supply of fresh water readily offered.

Of the immense extent of the changes here contemplated
we may form some idea from the facts stated by competent
observers, that in the Indian Ocean, to the south-west of
Malabar, there is a chain of reefs and islets 480 geographical
miles in length; on the east coast of New Holland, an un-
broken reef 350 miles long ; between that and New Guinea,
a Coral-formation which extends upwards of 700 miles ; and
that Disappointment Islands and Duft’s Group are connect-
ed by 600 miles of Coral-reefs, over which the natives can
travel from one island to another.

80. FormaTION OF CORAL-ISLANDS.—From the grand
scale on which these operations have been carried on in the
Pacific, and the powerful volcanic action of which those
latitudes have been the theatre, as shown by the elevatory

* At least so much of it as can be truly said to be of lateorigin. Some
of the islands, on the other hand, are probably the coral-crested sinking
1 eaks of 3 mountainous and possibly once continents\ ares.

# Analogous to the broken side of a crater.
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movements to which the neighbouring continents have beert
subjected, the extremely small extent of dry land in that
world of waters is a very striking phenomenon. This re-
markable fact was supposed by Sir C. Lyell* to admit of
explanation, on the supposition that a gradual subsidence
had been going on for ages over a vast area of the bed of the
Pacific, which occasioned the solid materials produced by
the Coral-zoophytes to sink down beneath the waters, and
therefore no considerable additions were made to the dry
land above the level of the sea: the Polynesian Archipelago
and the submerged Coral-reefs alone indicating the sto
pendous changes effected by zoophytal agency. This opinion
has been confirmed by the observations of Mr. Darwin,
whose explanation of the mode in which the formation of
Coral-islands takes place is a beautiful example of philo-
sophical induction.

The coral-reefs are described by Mr. Darwin as of three distinct kinds,
arising from the different circumstances attending their production. Firs,
Atolls ;+ secondly, barrier-recfs, which are ridges of coral either extend-
ing in straight lines in front of the shores of a continent or large island,
or encircling a group of small islands, and separated from the land bya
deep channel of water; thirdly, fringing-reefs, or banks of coral super-
imposed on the slopes of the adjacent land, and at no great distance from’
the shore.

By. the gradual subsidence of the land, and the coincident upward
growth of the corals, fringing-reefs are gradually converted into barrier-
reefs, and the latter into Atolls. Hence it is inferred, that coasts merely
fringed by reefs have not subuided to any considerable amount, but either
have remained stationary, or have been upheaved, sirice the growth of the
coral. When a barrier-reef, encircling an island, gradually sinks down,
the corals go on growing vigorously upwards; but, as the island ginks,
the water gains inch by inch on the shore, and the mountain-tops at length
become separate islands, within one great reef; and ultimately the high~
est pinnacle disappears, and a perfect Atoll is formed. Hence lagoon-
islands, having originated from encircling barrier-reefs, resemble them i¥

* Principles of Geology, 1st edition.
t The circular or lagoon islands are so called by the natives.
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general size and form, and in the manner in which they are grouped to-
gether ; and they may be regarded as outline-charts or models of the
sunken islands theynow surmount. By this theory of the upward growth
of polypifera during the subsidence of the land on which they are based.
Mr. Darwin satisfactorily explains all the leading phenomena of those
marvellous structures, the barrier-reefs, and of those fairy coral-islands
that begem the vast expanse of the Pacific, and flourish in the midst of
its mighty billows. The narrow belt of land of these insular zones, fre-
quently but a few hundred yards wide, is surrounded by a deep and often
unfathomable ocean, and encloses a lake of tranquil water; it is crowned
with cocoa-nut trees, clothed with a luxuriant tropical vegetation, and
begirt with a beach of glittering sand, on which are constantly dashing
the snow-white breakers of the azure sea. Nowhere, as Mr. Darwin
beautifully remarks, can be found such wonderful proofs of the power of
vitality to repel the influence of mechanical force; for the breakers far
exceed in violence those of our temperate regions, and it is impossible to
behold them without feeling a conviction, that rocks of quartz or granite
would speedily be demolished by such irresistible agents ; * and yet
there stand, immoveable, those marvellous monuments—

‘ Raised by the feeblest creatures in existence,”

unscathed by the raging billows, and smiling with perpetual verdure,—
the oases of that vast wilderness of waters ! t

31. MoNTGOMERY ON CoORAL-ISLANDS. — The formation
of islands and continents by the vital energies of countless
myriads of minute beings, the unconscious living instru-
ments of stupendous physical changes, is invested with so
much of the sublime and the marvellous, as to form a sub-
ject alike calculated to engage the attention of the philo-
sopher and to excite the imagination of the poet; and I am
tempted to relieve this detail with the following beautiful
lines by James Montgomery :}—

® See Mr. Darwin’s delightful volume, “On the Structure and Distri-
bution of Coral Reefs.”

t The striking isolation of these tiny specks of land on the vast ex-
panse of ocean can be best realized by a survey of Mr. Wyld’s great Model
of the Earth. :

% From “ The Pelican Island,” by James Montgomery.
2T
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1 saw the living pile ascend,
The mausoleum of its architects,
8till dying upwards as their labours closed ;
Slime the materials, but the slime was turned
To adamant by their petrific touch.
Frail were their frames, ephemeral their lives,
Their masonry imperishable, All
Life’s needful functions, food, exertion, rest,
By nice economy of Providence,

" Were overruled to carry on the process,
‘Which out of water brought forth solid rock.
Atom by atom, thus the mountain grew
A Coral-island, stretching east and west ;
Steep were the flanks with precipices sharp,
Descending to their base in ocean-gloom.
Chasms few, and narrow, and irregular,
Form’d harbours, safe at once and perilous;
Safe for defence, but perilous to enter.
A sea-lake shone amidst the fossil Isle,
Reflecting in a ring its cliffs and caverns,
With heaven itself seen like a lake below.
Compared with this amazing edifice,
Raised by the feeblest creatures in existence,
‘What are the works of intellectual man,
His temples, palaces, and sepulchres ?
Dust in the balance, atoms in the gale,
Compared with these achievements in the deep,
Were all the monuments of olden time!
Egypt’s grey piles of hieroglyphic grandeur,
That have survived the language which they speak,
Preserving its dead emblems to the eye,
Yet hiding from the mind what these reveal ;
Her Pyramids would te mere pinnacles,
Her giant statues, wrought from rocks of granite,
But puny ornaments for such a pile
As this stupendous mound of catacombs,
Fill’d with dry mummies of the builders, worms ! **

82. Fossit ZoopHYTES.—The conditions under wl
corals and other zoophytes are preserved in the min
kingdom, and the formation of conglomerates from the de
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and to have possessed a common irritability, and been able to expand
and contract. This opinion is based on the circumstance, that some
specimens occur in which the zoophyte is in the form of a mnearly flat
circular disk, and others in that of a subcylindrical pouch ; in the former
state the outer reticulated structure is elongated, while in the latter it is
contracted and corrugated. The polype-cells are cylindrical and very
regular; of these cells the flints often present beautiful casts which ap-
pear like rows of minute pillars on the inner surface.

When the flint that fills up the cavity of a Ventriculite
can be extracted, it is found to be a solid cone, having its
surface studded over with papillee, which are casts of the
orifices of the polype-cells. When the enclosed polyparia
in flint-nodules have perished, chalcedony and quartz-crystals,
and sometimes crystallized pyrites, are found filling up more
or less completely the cavities left by the decayed parts of
the zoophyte.*

34. ZoorBYTES oF THOE JURA8SSIC ForMATION.—The
Oolite, as we have previously remarked, abounds in corals,
and contains beds of limestone which are merely coral-
reefs that have undergone no change but that of elevation
from the bottom of the deep, and the consolidation of their
materials. The Coral-rag of Wilts presents in fact all the
characters of modern reefs ; the polypifera belong chiefly to
the Astreids, the genera of which family principally con-
tribute to the formations now going onin the Pacific. Shells,
echinoderms, teeth and bones of fishes, and other marine
exuvi®, occupy the interstices between the corals, and the
whole is consolidated by sand and gravel, held together in
some instances by calcareous, in others by silicious, infiltra-
tions. In the chert of the Portland Oolite at Tisbury, Wilt-
shire, masses of a beautiful silicified coral occur ; the polished

® | beg to refer to my paper on a * Microscopical Examination of Chalk
and Plint,” published in Ann. Nat. Hist. 1845, vol. xvi. p. 73 for a par-
ticular account of the silicification of these and other zoophytes. Seealso
abore, p. 3U8.
* Edwards and Haime, loc. cit. p.75.
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section of a fragment is shown in Lign. 148, f£ig. 9. Large
masses of a cellular coral abound in the limestones of the
Great Oolite (Calamophyllia radiata). The corals, shells, &c.,
are of extinct species. Those who have visited districts
where the Coral-rag forms the immediate sub-soil, and is
exposed to view in the quarries, or in natural sections, must
have been struck with the resemblance of these rocks to
modern coral-banks. 'We know that in our present seas all
situations and circumstances are not alike favourable to the
existence and growth of polypifera; in some parts of the
ocean they abound, and. in others are altogether wanting.
In like manner, in the deposits of the Jurassic formation,
which extend over a great part of Europe, and have been
formed in a sea of vast extent, beds of coral are not univers-
ally distributed, but occur onlyin certain districts (Nuttheim,
for instance); in other words, they occupy the situations
which in their native seas presented the conditions required
by their peculiar organization.

The Lias contains but very few polypifera; Izastree
Murchisoni occurs in the lias of Skye. The Irias only a small
number (in the Muschelkalk and Halstadt lime-stone).

85. CoraLs oF THE Parzozoic FormatioNns. ~— The
Mountain-limestone of the Carboniferous system, which
will come under our notice in the next discourse, abounds
in the cellular and lamelliferous zoophytes:* and many of
the deposits of the Devonian and Silurian system teem with
anthozoan corals,} of peculiar forms, and typical of particular
groups of strata. The corals of the Silurian deposits of
England §{ equally prevail in the corresponding strata of
North America.§

® Edwards and Haime, Monog. Brit. Foss. Corals, 1852.

+ Edwards and Haime, #bid. 1853 and 1854 ; and Ann. des Sc. N, 1848.

1 Murchison’s “ Silurian System,” vol. ii., and * Siluria,”” pp. 119 and
212, &c. See also M’ Coy's Paleoz. Foss. Cambridge, plates 18 and 1 c.

§ See Hitchcock’s ““Geology of Massachusetts,” and Tlalls ** o
ontology of the State of New Yourk.”
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good polish, is quarried in some parts of Westmoreland and
Derbyshire (Lign. 150, fig.2). Mr. Parkinson * ascertained
that the hue of this marble may be dependent on the original
colour of the coral, which probably was of a reddish hue.

I have mentioned (p. 617), that the earthy matter of the recent corals,
like the phosphate of lime in the bones of animals, is secreted by a mem-
branous structure, and that, if the lime be removed by a chemical pro-
cess, the tissue will be rendered manifest. Few, however, will be pre-
pared to learn, that even in corals which have been entombed in the solid
rock for innumerable ages the animal membrane can be detected. To
Mr. Parkinson we are indebted for the knowledge of this interesting fact.
He immersed a piece of marble (Lign. 150, fig. 2) in dilute muriatic
acid, which has the property of dissolving calcareous earth without affect-
ing animal matter: to employ his own words, “as the calcareous earth
dissolved, and the carbonic acid gas escaped, I was much pleased to ob-
serve the membranaceous substance appear, depending from the marble
in light, flocculent, elastic membranes. Many of these, most unexpect-
edly, retained a very deep red colour, and appeared in a beautiful and

distinct manner, although not absolutely retaining the form of the tubi-
pore.”” (Loe. cit.)

87. CrINOIDEA, OR LILY-SHAPED ANIMALS.t—The Echi-
nites, so numerous in the chalk (p. 838), and the Star-fishes,
which are more sparingly distributed in the cretaceous strata,
are referable to the same group of marine animals as those
to which I would now direct your attention. All these
creatures belong to the class Radiaria, so named from the
different parts of which the animal is composed being ar-
ranged symmetrically around the centre. This structure is
exemplified in the Uraster and Asterias, or Cross-fish and
Star-fish, that abound on our coasts, and must be familiar to
every one. These animals have a central disk, containing the
mouth and viscera, from which proceed five long arms or
rays; the skeleton is composed of numerous little bones,

® Organic Remains of a Former World, vol. ii. p. 16, pl. I. £g. 3.

F Medals of Creation, chap. viii. The Pictorial Atlas Foss. Rem. con-

tains numerous figures of Crinoidea (plates XLVI. to LIL). See Miiller’s

elaborate description of Pentacrinus Caput-medwse, &e., Bextin. Transact.
4841, p. 177, &c.

o~
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the extinct forms, a more accurate knowledge of the strue
ture of these curious animals has been obtained. The Cri.
noideans are characterized by having a root or process o
attachment, by which they are fixed at the base to the rock

LIGN. 131.—THE BODY AND UPPER PART OF THK STEM OF
PENTACRINUS CAPUT-MEDUSE.*

/From the West Indian Seas.)

—a stem composed of numerous articulations, or separat
pieces of a solid calcareous substance,—and a cup or vase C
the summit of the stem, which contains the body or viscem
of the animal, and from the upper border of which procee
articulated arms or tentacula. When the animal is aliv-

* First figured and described by M. Guettard; see Parkinson, Ox~
Rem. vol. ii. p. 266 ; and Miller, op. cit. p.\%0.
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complicated Pentacrinites they exceed one hundred ‘and \
fifty thousand, and in the plumose species must amount to
hundreds of thousands.®* The detached ossicula occur in
myriads in the Carboniferous, Devonian, and Silurian rocks,
and the relics of one species alone sometimes form thick
beds of marble in the mountain-limestone series.

39. E~xcrINITES AND PENTACRINITES.—The fossil re-
mains of Crinoidea consist of the ossicula of the coluin,
arms, and tentacula,—of the plates of the vase or re-
ceptacle,—and of the more massive peduncle, by which the
base of the column was permanently fixed to the rock. The
separate bones of the column were called #rockites, or wheel-
stones, by the early collectors; and several united, entro- —
chites. 1n the north of England they were popularly known _ex—
by the name of “fairy-stones,” and “8t. Cuthbert’s beads :” +—#F
the circular perforated kinds are occasionally found in tu— &
muli, having been worn as ornaments by the ancient Bri— .
tons. These bodies present considerable variety in form .,
and their articulating surfaces are marked with diversifiec—m d
floriform and stellular figures ; as in the series of specimen=== &
before us (Lign. 152). The central perforation, which i=== _s
circular and very small in some species, and large and pen _ssn-
tagonal in others, forms in the united-column a channel frorwsr—n
the receptacle to the base, which is supposed to have con -
tained a chord of animal matter. The inner part of thee «¢
ossicula seems to have been more perishable than the ex— -
ternal zone; for the former is often filled up either wit 3B
spar, or the material of the surrounding rocks. In t €
silicious veins and bands of chert that pervade some of tx e )

-

limestones of Derbyshire, the curious fossils termed * pulley-

® The ossicula of an Extracrinus are calculated, at a moderate com-
putation, to amount to the number of nearly 750,000. Austin’s Monog.
Crinoid. p, 105,
# Parkinson (Org. Rem, vol, ii. p. 195, &c.) enumerates e poypular
#fames by which these little fossils have been known in different courisia.
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contamned in the mountain-limestone of Derbyshire ;* and

thus show that this beautiful spar has been the result of
some metamorphic action on the limestone, the organic re- -
mains alone resisting the transmuting influence of the fluoric ===
acid.

The skeletons of the Crinoidea, like the stony fabric of 3 P—f
the corals, were, of course, secreted by the animal mem———1 .
brane ; and, a8 in the fossil coral (p. 654), this tissue maRg—.y
be detected Upon submitting some encrinital ossicula fromree—gy
the Derbyshire limestones to the action of weak acid, th. _ar—q
calcareous earth was removed, and the original membranac—y,
appeared in transparent flocculi.}

40. DERBYSHIRE ENCRINITAL MARBLE.— Some of tt—F,
strata of Mountain-limestone, both in Europe, Asia, ar—marnd
America, consist entirely of remains of Crinoidea; and in
Derbyshire some of the beds form a compact marble, whi _amich
is largely employed for chimney-pieces and other ornamenr— _tal
purposes.

In the quarries on Middleton Moor, a short distance frame—om
Cromford, in Derbyshire, extensive quarries of this mar  ble
are worked, and abundance of these fossils are everywh— -ere
scattered about. The cavities of the entrochites are of—asen
filled with white calcareous spar, while the ground of —ihe
marble is of a dark reddish brown. In other varieties #Ehe
substance of the fossils is white, and the ground dark-gwrey
or brown: both kinds, when worked into polished slabss or
ornaments, are very beautiful and interesting. A specinoen
of such limestone (from the borders of Westmoreland and
Yorkshire), with the crinoidal columns in relief, is repre- T
sented, Lign. 158, fig. 1, and a polished glab in fg. 2. ®

41. TEE LirLy-ENCRINITE.—One of the most elegant of
the fossil crinoidea is the Lily Encrinite (Encrinus liliiformis, |
Schlotheim), which, as already stated, occurs only in the 1

S
* Quart, Journ. Geol. Soc. vol. vil. part 2, Misel. . \\8, Yot
1 See Parkinson’s Organic Remains, vol. . p. YRR, AN
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cylindrical, thus forming a column of great flexibility.
The “pelvis,” or plated cup containing the body, resem-
bles in shape a depressed vase ; the upper part of its cavity
appears to have been closed by an integument protected
by numerous plates, the mouth of the animal being situated
near the centre.

It will elucidate this subject if we examine this specimen
of a Marsupite, in which the bases of two of the arms are
preserved (Lign.154). A vertebral column attached to the
central plate, at the base of this crinoidean, would convert
it into an Encrinite; and in the large expanded plates of
the receptacle, and the strong and simple ossicula of the
arms, we have the elements of the more complicated and
delicate fabric of the Lily Encrinite. In another speci-
men of Marsupite (now in the British Museum), the plates
which covered the opening of the receptacle are preserv-
ed.* The Marsupite may therefore be considered as a free
Crinoid, uniting the Comatulide with the Apiocrinide and
their allies. The form of the perfect skeleton of the Mar-
supite was shown in a previous lecture, when treating of
the Radiaria of the Chalk (p. 337). .

42, Pear-ENCRINITE (APIOCRINTS) OF BRADFORD.}—
A smooth Crinoid, which, from the body having a pyriform
shape, has received the name of Pear-Encrinite, occurs in
considerable numbers in the Oolite near Bradford in Wilt-
shire, under the interesting circumstances already mentioned
(p- 504).

The receptacle or body-cup of this Encrinite is very
smooth, and crossed transverselv by fine lines where the
plates of which it is compoged unite. The stem 18 short,
smooth, and strong ; the arms are simple, and bear consider-
able resemblance to those of the Marsupite. In this draw-
ing (Lign. 155, fig. 1), reduced from Mr. Miller’s work on

* See Fossils of the South Downs, pl. XVI. fig. 6.
+ Medals of Creation, p. 289 ; Pictor. Atlas, pl. L. figs. 1—8.


















668 THE WONDERS OF GEOLOGY. Lacr, VL

to a rock, may be the first link in a chain of events, which
after the lapse of ages may produce important modifications
in the physical geography of our globe. "We have seen that
the living polypes in their rocky habitations enjoy all the
blessings of existence, and at the same time are the uncon-
scious instruments of stupendous operations, which in after-
ages may affect the destinies of mighty nations; and that
the materials elaborated by their agency, and subsequently
consolidated by chemical changes, may become the founds-
tions of Islands and Continents, and constitute new and
favourable sites for the abode of future generations of the
human race.

And when we bring the knowledge thus acquired to bear
on the natural records of our planet, and examine the rocks
and mountains around us, we find that in periods so remote
as to exceed our powers of calculation, similar effects were
produced by beings of the same type of organization as those
whose labours have been the subject of our contemplation.
‘We are thus enabled to read the history of the past, and to
trace the succession of events, each of such duration asto
defy all attempts to determine with any approach to proba-
bility the period required for its development.

In fine, these investigations have shown us the marvellous
structure of creatures invisible to the naked aeye, their modes
of life and action, and the important changes effected in the
relative proportion of land and water, by such apparently

inadequate agents. They have instructed us, that above,

beneath, and around us there are beings so minute as to
elude our unassisted vision, yet possessing sensation and
voluntary motion, and each furnished with its systems of
nerves, muscles, and vessels, and preying upon creatures
still more minute, and of which millions might be contained
in a drop of water ; nay, even that these last are supported
by living atoms still less, and so on—and on—until the
- =ind ig lost in astonishment, and can pursue the wdbpek v

'
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Thus are we taught,— -

* That those living things
To whom the fragile blade of grass,
That springeth in the morn
And perisheth ere noon,
Is an unbounded world—
That those viewless beings,
‘Whose mansion is the smallest particle
Of the impassive atmosphere,
Enjoy and live like man!
And the minutest throb,
Which through their frame diffuses
The slightest, faintest motion,
Is fixed and indispensable
As the majestic laws
That rule yon rolling orbs!*’
: SHELLEY.

We have contemplated the results produced by these
countless myriads of animated forms,—the excess of calca-
reous matter brought into the waters of the ocean consoli-
dated by their influence, and giving birth to new regions;
and we have obtained evidence that in the earlier ages of
our globe, like effects were produced by similar living
instruments. The beds of fossil coral are now the sites of
towns and cities, whose inhabitants construct their abodes
of the limestones, and ornament their temples and palaces
with marbles formed of the petrified skeletons of the zoo-
phytes which lived and died in oceans that have long since
pessed away !

Hence we perceive that He who formed the Universe
creates nothing in vain; that His works all harmonize to
blessings unbounded by the mightiest or the most minute of
His creatures; and that the more our knowledge is increas-
ed, and our powers of observation are enlarged, the more
sxalted will be our conception of His wondrous works !



LECTURE VII.

THE CARBRBONIFEROUS SERIES.

1. Introductory. 2. The Carboniferous Series. 3. The Coal-measures. 4. Coal-flcld of
Derhyshire. 5. Coalbrook Dale. 6. Nature of Coal-deposits. 7. Mode of Deposition
of the Coal-measures. 8. The Great Dismal Swamp of Virginia. 9. Erect Trees in
the Carboniferous Deposits. 10. Upright Trees at Wolverhampton and St. Etienne.
11. Upright Trees in the Coal-measures of Nova-Scotia and Cape Breton. 12, Coal-
shales and Vegetable Remains. 13. Millstone Grit. 14. Carboniferous Limestone.
15. Derbyshire Lead-mines. 16. Carboniferous Rocks of Devonshire. 17. Trap-rocks
and Trap-dikes of the Carboniferous Series. 18. Faults in the Coal-measures. 19.
Geographical distribution of the Carboniferous Strata. 20. Carboniferous Rocks of
North America. 21. O I ins of the Car Series. 22. Organization
of Vegetables. 23. Climate and Seasons indicated by Fossil Wood. 24. Microscopical
examination of Fossil Trees. 25. Nature of Coal. 26. Liebig on the forination of Coal.
21. Bitumen, Petroleum, and Naphtha. 28. The Di d. 29. Anthracite, Plumb
&c.  30. Petrifaction of Vegetables. 31. Artificial Vegetable Petrifactions. 32. Silicl-
fication of Vegetables. 33. Fossil Plants of the Coal. 34. Equiscetaceous Plants. 35.
Fossil Ferns. 36. Siglllaria. 37. Stigmaria. 38. Lepidodendron. 39. Coniferous Trees
and Plants, 40. Flora of the Coal. 41. Atmospheric conditions during the Carbonifer-
ous period. 42. Formation of Coal: es. 43. Coal es originating in sub-
merged Lands. 44. Zoophytes and Echinoderms of the Carboniferous Series. 45.
8hells of the Carboniferous Series. 46. Crustaceans and Insects. 47. Fishes of the
Carboniferous Series. 48. Reptiles of the Carboniferous period. 49. Climate of the
Palmozolc Ages. 50. Retrospect, and Botanical Epochs.

1. InTrRODUCTORY.—From the contemplation of the changes
produced on the earth’s surface by the agency of minute
beings whose nature and economy are known only to the in-
structed observer, we resume the geological argument from
which we have for a while digressed, and enter upon the ex-
amination of the series of strata deposited during the period
immediately antecedent to the Permian formation described
in the fifth Lecture.
The Carboniferous series, so named from its comprising the
principal deposits of mineral fuel, consists, in England, of a
great triple formation of, 1st (lowest), yrouy of calearcous
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strata, locally interbedded with shales, sandstones, ironstone,
and coaly beds (Mountain-limestone) ; 2nd, a group of gritty
and sandy beds, also with some coal (Millstone-grit) ; 3rd,
8n argillaceous and sandy group, with little limestone, but
much ironstone and bituminous shale, and with numerous
intercalated seams and thick beds of the carbonized vegetable
matter termed Coal.* Independently of the interest attach-
ed to these deposits from the immense accumulation of fossil
plants of which many of them are wholly composed, this
series involves the consideration of some very remarkable
geological phenomena ; for the manner in which such ex-
tensive layers of carbonized vegetable substances (like the
intercalated masses of rock-salt in the red marls of the Trias,
P- 541), unmixed with extraneous matter, were produced, is
& problem difficult of solution, under certain conditions in
which it is presented to our examination. The deposition of
coal appears, as we shall presently show, to have taken place
under various circumstances; the coal being in some cases
associated with fresh-water, and in others with marine or-
ganic remains.

But, though from the vast importance of mineral fuel in
a1 economical point of view to nations in an advanced state
of civilization, and the botanical interest with which such
extensive natural herbaria of the palmozoic ages are in-
vested, the coal is generally regarded as constituting the
esgential feature of this epoch, yet it would be more philo-
Sophieal to consider these intercalations of carbonized veget-
ables, like beds of shells, &c., as extraneous and accidental.
We have already seen, that the formation of coal was not

® In the Crystal Palace Gardens has been constructed a section of the
Coal-measures, the natural rocks being used as the constituents. In
Germany, Dr. Beinert has formed, in his beautiful gardens at Charlotten-
brann, a highly interesting artificial section of the coal-beds, with fine
Specimens of the fossil plants in place; and Prof. Goeppert hes erected
A till larger section in the Royal Botanic Gardens at Breslau. See W.
&. Goeppert’s Der Konigl, Botan. Garten der Univ. Breslau, ¥vo, \8N1.
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confined to the carboniferous system ; * but that beds of this
substance (under the various forms of peat, brown-coal, lig-
nite, jet, pitch-coal, cannel-coal, bituminous shale, slate-coal,
anthracite, glance-coal, and common coal) have been and
will be produced, wherever trees and plants are accumulated
in sufficient quantity and under the requisite conditions.

The peculiar types of vegetable organization comprised
in the flora of this period afford the only distinguishing
characters of the beds of coal interpolated in the strata
that were deposited during the ages intervening between
the close of the Devonian epoch and the commencement of
the Permian.t

The strata comprised in the Carboniferous series form
two natural groups, as shown in the following table ; and I
propose to consider, in the first place, the general foatures of
the deposits, and their geographical distribution; secondly,
the nature and formation of coal, and the characters of the
fossil plants of which it is composed ; and, lastly, to notice
the animal remains, and take a retrospective view of the suc-
cessive floras which have prevailed on the surface of the
earth during the periods embraced by our geological in-
vestigations.

2. Tue CarBONIFEROUS SERIES.—Though in England
simply divisible .into a threefold series of calcareous, aren-

* See Dr. F. Senft’s “ Classification and Beschreibung der Felsarten,”
8vo, 1857 : also Dr. Geinitz’s * Steinkohlen-Formation in Sachsen,” fol.
1856. A resume of the latter of these valuable works is given by Col
Portlock in his Presidential Address to the Geological Society in 1857
(p. cxxv.). See also Sir R. Murchison's “ Siluria.”

1 See remarks on the Coal of the Qolite, p. 513 ; of the Wealden,
P. 405; of the Tertiary, p. 283 ; and in peat, p. 66. It should be remem-
bered that coal occurs also in the Cretaceous Series (in Saxony and else
where), in the Oolitic and Liassic series (at Boll in Wirtemberg, at See-
feld in the Tyrol, and at Walgau in Bavaria, and in Banat, &c.), in the
Triassic series of Germany, and in the Permian series of Saxony; also

ocoasionally in the Devonian series: nor are the Silurian and Cambrian,
=nd even the hypogene rocks, without their carbonscrous contemks.
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aeeous, and argillaceous beds, the carboniferous system, even
in the British Islands, becomes far more complicated in the
details of its stratification. In Ireland it commences with
an important division, comprising sandy and shaly beds
“(Yellow Sandstone” ® and ¢ Carboniferous Slate,” of
Griffith), 2000 feet thick ; and the limestone itself (5000
feet thick) is there separable into three great divisions. In
the western counties of England, and in South Wales, these
lowest sandstones,shales, and thin limestones are represented
by from 100 to nearly 600 feet of laminated beds, with marine
shells, fishes, and terrestrial plants ; and in Fifeshire there
i8‘a thickness of 1500 feet of equivalent beds. Inits exten-
sion morthward of Derbyshire the: Mountain- or Scar-lime-
stone becomes more and more interstratified, in its higher
portion, with shaly beds ; and in the northern counties and in
Scotland the great bulk of this characteristic limestone-form-
ation is not only replaced by clays, sands, and calcareous
shales, but these are intercalated with numerous coal-beds,
often of considerable thickness; thus forming an important
series of lower coal-measures, the representatives of which
exist also in Europe and in Nova Scotia. The following ta-
bular arrangement exhibits the lithological characters and re-
lations of the carboniferous deposits.

* Brit. Assoc. Report, 1852, Sect. p. 43. The *““Yellow Sandstone*’
is correlated by Godwin-Austen (Geol. Quart. Journ. vol. ix. p. 244)
with the Pilton and Petherwin beds of North Devon, and referred by him,
with the Yellow Sandstones of the Boulonnais and the Cypridina-schists
of Germany, to the Upper Devonian. To this member of the Paleozoic
series Sedgwick has also provisionally referred it (Phil. Mag. 1854, vol.
viii. p. 364, and Geol. Journ. vol. viii. p. 8). Dr. Sharpe, however, in-
clined to the collocation of the Petherwin group with the Carboniferous
system (Geol. Quart. Journ. vol. ix. p. 247). It may therefore be said
of these beds of passage from the Devenian to the Carboniferous system,
as of the transitional beds between the Silurian and Devonian, the Car-
boniferous and Permian, the Trias and Lias, the Lias and Oolite, &c.,
that much exact observation has still to be made in \hese snd ot
closely related instances.

2 x
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7~ 1. Coar-uzastars ; —divisible ® into Tpper,
Middle, and Lower (or “ Ganister *) series.
Grit, sandstone, and shale or clay, with nu-
merous beds of coal; iromstone, in no-
dules and irregularly stratified ; and occa-
Fossil reptiles and fishes ; molluscs (chiefly
freshwater), annelids, insects, and crus-

 Ureen. taceans are not uncommon in some parts.
(Upper coal- < Thickness upwards of 4000 feet in some
messures.) districts of England.

2. MiLLsToNE-GRIT.—Coarse quartzose sand-
stone, passing into grit and conglomerate,
used for millstones (hence the geological
term), with shales and sandstones; contain-
ing the trails of molluscs and annelids, rare
traces of reptiles, and interspersions of fossil
plants and vegetable matter, and sometimes
Jayers of coal. Thickness about 800 feet.
. UPPER LIMESTONE-SHALES Or YOREDALB
ROCKS,—Alternations of limestones, shales,
and sandstones; with some chert, rotten-
stone, ironstone, bitumen, and coal ; marine
shells ( Goniatites, Orthoceras, Productus,and
Posidonomya ; Encrinites, &c.): thickness
about 500 feet.
4. MOUNTAIN-LIMESTONE Or SCAR-LIMESTONE.
—A series, upwards of 1000 feet in thickness,

CARBOSIFEROUS SYSTEN.
A
—
w

Lowkr.
(Lower coal-
noeasures, or the $

mountain- of massive limestones, shales, and flagstones,
limestune with dolomite, bitumen, rotten-stone, chert,
L o) galena, and iron-ore; corals, crinoids, and

marine shells in profusion, and some tri-
lobites. Beds of marble wholly made up
of petrified zoophytes or of crinoids. This
group is devoid of coal in Scuth-westem
and Central Englard ; but the mountain-lime-
stoe of Weatmoreland, Northamberland,
Rifeshire.and some parts of Europe and North
Awerica, containg extensive coal-beds, with
* ovesional tracks of repuiles.

® In the wontders comRSeris Tee SnEEves WY e vpeec Y
MR " Nwran Sestea,™ S &
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beds, the Lias, and Inferior Oolite (3, 4, and 5) are seen
sbove in an unconformable position. The Mountain-lime-
stone and Millstone-grit (1, 2) also appear on the opposite
flank of the elevated ridge of the Mendips. The chrono-
logical order of the deposits exhibited in this section, that
is, the succession according to their original position before
they had suffered displacement, is as follows: immediately
overlying the lowermost or most ancient, the Devonian
strata of the Mendip Hills, we have — 1. Mountain-lime-
stone.—2. Millstone-grit ; upon this are alternations of
‘Coal, shale, and grit.—3. Permian and New Red Sandstones.
=—4. Lias.—8. Inferior Oolite.-~6. Great Oolite.—7. Ox-
ford Clay, south of Malmesbury.

The term basin, applied to these accumulations of carboniferous strata,
Tust be taken in a general sense; for, though some of these groups of
deposits may have been formed in circumscribed depressions, it is evident
that, in general, the beds have originally extended over large areas, and
that their present isolated position and confined limits are attributable to
subsequent elevations and depressions by which the * faults >’ or disloca-
tions of the coal and associated strata of the rocks on which they re-
pose have been produced. Extensive denudations have completed the
sepuration of the coal-basins.

Of the English coal-fields, those of Newcastle, Durham, Yorkshire,
Lancashire, Flintshire, Cheshire, Derby, Nottinghamshire, Leicester-
shire, and Warwickshire have many features in common ; those of South
Staffordshire and Worcestershire are related more nearly to each other
than to the other coal-fields; and those of Glamorganshire, Monmouth-
shire, Gloucestershire, and Somerset form another allied group.®* The
-coal-measures of the northern counties are divisible into a triple series—
upper, middle, and lower; the last, also known as the * Ganister series,’’
contains in Yorkshire a single shale-bed of marine origin, with Goniatites,
Posidonomye, and fishes. Other instances of the irruption of sea-waters
into the generally fresh-water area of the coal-measures,—the last efforts,
as it were, of the old carboniferous ocean to regain possession of the

® Phillips’ “ Manual of Geology,”” 1855, Both thisvaluable element-
ary work and Prof. Ansted’s * Elementary Course of Geology,” 1856,
contain particulars of the relative extent of the English coal-fields, and of
the thickness and character of their respective coal-beds.
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rapidly shallowing region,—are evidenced by occasional marine deposits
in, the coal-fields. of Lancashire, Dudley, and Coalbrook-dale.

4. €oar-rrerp oF DrrBYsHIRE.—The Derbyshire Coal-
field will serve as a type of the English series.

The strata of Carboniferous Limestone which form the grand mountain-
chains of Derbyshire decline towards the eastern side of the county, ard
sink beneath the Coal-measures. Immediately upon the limestone are
_beds of calcareous slate or shale, about four or five feet in thickness
(known as the “ Limestone-shale,” and equivalent to the Yoredale rocks
of Yorkshire), intercalated with grit-stones, and about four or five hun-
dred feet in thickness. This series of alternating beds, compact and
soft, coarse and fine, many of which readily disintegrate from weather-
action, forms the exposed face of Mam Tor, or the * shivering moun-
tain,’’ near Castleton. They are succeeded by a mass of grit, or con-
glomerate, with vegetable remains, which is worked for mill-stones. Above
the Millstone-grit are the regular Coal-strata, comprising sandstones of
various qualities, and often in exceedingly thin laminae, —indurated
clay-beds,—iron-stones, the nodules of which contain organic remains,—
and softer argillaceous beds, which, being of a slaty structure, are called
shales. Two of the layers of clay, termed mussel-bind, abound in bivalve
shells, somewhat resembling fresh-water mussel-shells, but of extinct
types of forms. The total thickness is 1310 yards, which includes thirty
different beds of coal, varying from six inches to eleven feet, and making
the amount of coel about twenty-six yards. In the shales below the
ecoal there is a transition from calcareous strata, with marine animal re-
mains, to fresh-water mud-deposits, with terrestrial vegetables: this may
have originated from occasional intrusions of freshets from a river,

The series above enumerated is often repeated ; shales, clays, and
sandstones occurring under different beds of coal, with a great similarity
in the succession and thickness of each. Interruptions to the continuity
of the beds, from cracks and fissures which have taken place since the
original depesition of the strata, are everywhere apparent. Dikes or in-
trusions of extraneous mineral matter are of frequent occurrence, separ~
ating the strata by vertical walls, which are from a few inches to many
yards in thickness. These extraneous masses sometimes consist of in-
durated clay, but more commonly of the ancient volcanic rock termed

$aaalt or trap.

5. €oaLBROOK DarE.—In Shropshire the carboniferous
straia are exposed over several detached areas*

. Consw/t Sir R. 1. Murchison’s admirable description, of the Cex-
boniforous System ; “ Silurian System,’ chap. vi,
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Near Shrewsbury the coal-beds are associated with limestone, of fresh-
water or estuary origin, and containing minute entomostraca (Cypride),
annelids (Serpule),* shells (related apparently to Modiola and Unio),+
and fishes. But the most important and productive carboniferous tract
in Shropshire is Coalbrook Dale, which is situated on the east side of the
range of rocks forming the Wrekin and Wenlock Edge, the coal-strata
being superposed on mountain-limestone ; it contains beds and nodules
of iron-stone, enclosing organic remains, This coal-field 1 is remarkable
for the dislocated and shattered condition of the strata, and the intrusion
of volcanic rocks ; the latter do not appear as dikes or veins, in the fis-
sures of the beds, but rise up in mounds or protuberances. The walls of
‘the fissures are in some instances several yards apart, the intervals being
filled with debris. Strata containing marine shells alternate with others
abounding in fresh-water shells and land-plants, as in Derbyshire. These
alternations prove that these coal-measures were deposited in an estuary,
subject to occasional freshets from a considerable river; the frequent
‘alternations of coarse sandstones and conglomerates with beds of clay and
shale, containing the remains of the plants brought down by the river,
support this opinion. The strata forming this carboniferous series con-
sist of quartzose sandstone, indurated clay, slate-clay, and coal. A pit
sunk in Madely colliery, to a depth of 730 feet, passed through eighty-six
beds of alternating quartzose sandstone, claystone porphyry, coal, and
‘indurated clay containing nodules of argillaceous ironstone. The sand-

* These little Serpule have been described as planorboid molluscs, un-
der the name of Microconchus ; but there is no doubt of their being true
Serpule, as pointed out by Mr, E. W. Binney (Memoirs Phil. Soc.
Manchester, vol. x. p. 196). They are frequently attached to vegetable
fragments. In Nova Scotia these little annelids occur plentifully under
the same conditions ; indicating in some instances the drifting of plants
in sea-water, and in others the advance of estuarine waters over sub-
merged jungles. A similar form is found on the fossil plants of the
Mountain-limestone of Northumberland (G. Tate, Flora M. L. pl. xiii,
fig. 6), and on the marine shells in the coal-measures of Coalbrook Dale
(Geol. Trans. 2nd ser. vol. v. pl. 40, figs. 1, 3, 5), and also attached to the
fossil shells and corals in the Devonian rocks of Russia and the Eifel
(Spirorbis omphalodes, Goldfuss).

1 Probably Myalina and Anthracosia, of King. Such as these occur
also in the coal-measures at the Joggins in Nova Scotia, Quart. Journ.
Geol. Soc. vol. x. p. 12 and p. 39, figs. 22—25. )

£ See a highly interesting memoir on {his cosl-fied, by Mx. Prest-
~i=h, 0901 Transact. 2nd ser. vol. v.p. 413 3 2120 Murcisow's ** Soren
»” chap. vii. :
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‘We have seen that the strata constituting a coal-field are
alternating layers of coal, clay, shale, and sand, of variable
thickness, usually based either on grit, or on limestone
abounding in marine shells and corals. Now,a very remark-
able fact is the nearly uniform presence of an often thick bed
of earthy clay beneath every layer of coal, and a stratum of
slaty clay or shale above it ; together forming a triple series,
presenting the following characters :—

(1.) Lowermost ;—a stratum of clay, called, from its position, the
Under-clay ; a tough argillaceous substance, which upon drying becomes
a grey friable earth. Occasionally this clay-is of a black colour from the
presence of carbonaceous matter. This bed almest invariably contains
an abundance of the fossil vegetables termed Stigmarie,* which ane. root~
like bodies, generally of considerable length, and have rootlets or fibres
attached, which extend in every direction through the clay. These great
roots commonly lie parallel with the planes of the stratum, and nearer to
the top than to the bottom,

(2.) Coal. A carbonized mass, in which, both the external forms and
internal structure of the plants and trees composing it are almost entirely

Coal-basin. Naumann, Hoffmann, Sternberg, Villefosse, Reemer, Dechen,
Herzog, Gutbier, Freiesleben, Leonhard, Cotta, Geivitz, Geppert, and
Beinert are chief among those who have treated of the Coal-fields of Ger-
many. TFhe coal of Russia is described in full by De Verneuil, Keyser-
ling, and Murchison.

A long series of papers having reference to the Coal-fields of New
Brunswick and Nova Scotia, published in the Proceedings and Quarterly
Journal of the Geological Society, are enumerated in an appendix to Mr.
Dawson’s very instructive account of the Joggins Coal-measures in the
10th vel. of the Geol. Society’s Journal (p. 41). The *“ Acadian Ge-
ology,”” by the same author, is also an important work in the literature of
the coal. Mr. W. R. Johnson’s “ Report on' American Coals,” 1844, and
especially the late R. C. Taylor’s valuable “ Statistics of Coal,”” should
be consulted by the student, where abundant references to books and
papers treating of British, European, American, African, Asiatic, and
Australian coals will be found.

* See the description of coal-plants farther on ; also Medals of Crea-
tion, p. 133; Pict. Atlas, Org. Rem. pl. 3, fig. 1, and plates 21—23;
and the Supplementary Notes, Pict. Atlas, p. 198.
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obliterated, though traces of woody tissue are observable. Large trunks,
gtems, and leaves are rarely distinguishable in it.

(3.) The Roof, or upper bed. This generally consists of slaty clay,
abounding in trunks, branches, leaves, and fruits ; it also includes layers
and nodules of iron-stone, enclosing leaves, insects, crustaceans, &c. In
some localities argillaceous or calcareous beds of fresh-water shells, and
i others. of marine shells, are intercalated; and layers of shale, finely
laminated clay, micaceous sand and grit, and pebbles of limestone, granite,
sand-stone, and other rocks often occur. Pebbles of iron-stone, and even
of coal, derived from the destruction of older iron-stones and coal-beds,
have been found in coal-seams. Some of the most illustrative speci-
mens of the leaves, fruits,” &c. of the carboniferous flora are found in
these shales and sandy beds, which appear to have been the accumula-
tions of water-worn detritus of other rocks, promiscuously intermingled
with the dense foliage and stems of prostrate forests; the whole having
been drifted from a distance by strong currents or floods, proving that
considerable time elapsed during the formation of these coal-measures,—
sufficient indeed for the consolidation and denudation (and possibly up-
heaval also) of one set of deposits before the later beds were formed.*
The evidences of the partial removal of coal-seams, shales, and sand-beds,
in the coal-measures, point also to the length and many changes in the
coal-era.f

7. MonE oF pEPOSITION OF THE CoAL.—Thus we find,
in the first place, spread uniformly over the bottom, and
constituting the foundation on which the coal reposes, a
stratum of fine clay (under-clay), sometimes several feet
thick, which possibly may bave once constituted the soil of
vast plains: or savannahs. - Almost the only fossil remains
found in if, except in a few localities, are the roots of the
large'trees of which. the coal is in a great measure composed ;
for such the common Stigmarie now prove to be, and not
floating aquatic plants, as was formerly supposed. The in-
variable occurrence of the fossil roots, termed Stigmarie, in
the under-clay, and their rarity in the coal and shale, was
moticed by Martin (Pstrif. Derbiensia), Steinhauer, Maccul-

® See De la Beclie’s Geol. Observ. 2nd edit. p. 511,
¥ Ibid, p. 514 ; and Quart, Journ. Geol. Soc. vol. vi. p. 124 5 o\, W
p- 246; and vol. x. p. 12, Rep. Brit. Assoc. 1838, Sect. p. 19.
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loch, and other observers : but the importance of this fact was
not duly appreciated until Logan drew attention to it. In the
‘Welsh coal-field, in a depth of twelve thousand feet, there
are sixty beds of coal, each lying on a stratum of clay abound-
ing in Stigmarize. In the Appalachian coal-field of the
United States, and in the well-exposed coast-sections of the
Coal-formation in Nova-Scotia, the same phenomenon ap-
pears.

Upon this under-clay is a bituminous mass of indistin-
guishable plant-remains (Coal). Occasionally stems of trees
are found passing vertically through or lying in the coal-bed. -

In the third place, we have a deposit of drifted materials
promiscuously intermingled with the foliage and stemsof -
numerous kinds of terrestrial plants (Roof); the whole
often appearing to have been subjected to the mechanical
action of water, both in its origin, and sometimes after its
first deposition as a sand or mud-bed.

These facts seem to indicate that a bed of coal of this ¢
kind may have been either a submerged forest or a swampy |
jungle. The under-clay was the natural soil in which the -
Stigmariw, the roots of the trees (Sigillarim) forming the
coal above, originally grew; the coal, the carbonized stems
and foliage of the trees to which the roots belonged; and
the upper stratum, or rogf, may have either resulted from de-
tritus transported from a distance by a debacle or flood,
which overwhelmed and buried the foliage and stems of the *
prostrate forest, or may have been swept over it more or less
rapidly by the encroaching tides on a low and sinking wel-
forested coast-line.

These phenomena may thus be explained by supposing that a plainy
densely clothed with vegetation, was inundated by an irruption of the
sea; or overwhelmed by a flood of water from an inland lake, occasioned
by the sudden removal of some barrier ; or by the slow subsidence of the
tract of country on which the forest or jungle grew. But when we find
an uninterrupted series, in which triple depasits of this kind are repeated
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thirty or forty times, and through a thickness of several thousand feet,
this solution of the problem, though very plausible, is not without its
difficulties. Not only subsidence after subsidence must have taken place,
but the first submergence have been followed either by an elevation of
the land, or a very gradual reconstitution of a sub-aérial surface ; and then
another soil capable of affording support to a second forest must have
been preduced, and another generation of vegetables, of the same species
as the former, have sprung up, and arrived at maturity: and again an-
other subsidence, followed by an accumulation of drift. And these
periodical oscillations in the relative level of the land and water, and suc-
cessive reproductions of vegetable soil and of forests, must have gone on
uninterruptedly through an incalculably long period of time ; not in one
district or country only, but in various parts of the world, during the
same geological epoch. )

Some seams of coal attain an enormous thickness. In England, the
thickest bed of coal, amounting to thirty feet, is in the Dudley basin. In
the Great Exhibition of 1851, there was exhibited a fine section of the
lowermost bed of coal (known as the  Thick Coal’’*), from Tividale
colliery in South Staffordshire, the total thickness of which was 29 feet ;
with no intermixture of sediment except some shaly partings, a few inches
thick. A shed was erected for its exhibition on the outside of the west-
end of the Crystal Palace ; beside it were placed some large stems of
Sigillarie.

“ It is not, however, to be supposed,’’ says Prof. Phillips,{ “ that thw
enormously thick seam is a single bed of coal; it is, in fact, composed of
thirteen different beds locally accumulated together, with certain partings,
which in other places swell out into considerable thicknesses of shale.
Thus the upper part of the * ten-yard coal ® separates from the rest of the
beds, and under the title of the ‘flying reed,” becomes a totally distinct
bed in the northern part of the coal-tract.”” § .

® See Jukes’s Memoir on the South Staffordshire Coal-field (Geol.
Surv. Records), 1853, p. 173, 184, &c. This careful and well-illustrated
description of a typical coal-field contains not only the good practical
information to be expected from the labours of 80 sound a geologist as Mr.
Jukes, but also many valuable theoretical suggestions on the origin of
coal and the physical characters of the old carboniferous area.

+ Manual Geol. p. 192.

1 Humboldt refers also to some very thick coal-seams in Scotland
and Burgundy, Cosmos, vol. i. p. 284, For Mr. Bowman's views of the
probablo circamstances under which separate coal-seams run Wko eadh
other, see Lyell’s *“ Manual,”’ p- 330,

.
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Mr. Dawson describes the “Main-coal Seam’ of the Albion Mines:
(New Brunswick), a specimen of which was extracted by Mr. H. Poole
for the New York Exhibition, 1853, as being 38.feet 6 inches thick, of
which only 2 ft. 4} in. consisted of the “ roof-shale,” intercalated carbona~
eeous shale and ironstone, and ““ under-clay. *’ *

In some districts (as in the coal-beds of the Mountain-limestone of
Southern Russia and of the North of England) the vegetables of which
the coal is formed apparently consist of broken and: drifted; plants, carried
into the sea by inundations and freshets of rivers; in this case, the layera
of clunch or finely levigated shale which suppext the coal-seams may
have originated from the earthy debris brought down by the floating
masses of terrestrial plants.$

8. TaE GREAT DISMAL SWAMP OF VIRGINIA. — The
formation of the coal-measures from terrestrial trees and
plants, not drifted, but growing on the areas now occupied
by the coal, is strongly advocated by Sir C. Lyell: and the
following notes from the observations of this profound geo-
logist, on the “ Great Dismal Swamp'” of Virginia, in North
Carolina, afford an interesting illustration of this hypothesis.

The * Great Dismal,” is a morass forty miles long, and twenty-five
miles in its greatest width, and has the appearance of a broad inundated
river-plain, covered with all kinds of aquatic trees and shrubs, the soil
being as black as in a peat-bog. It is one enormous quagmire, soft
and muddy, except where the surface is rendered partially irm by &

* Quart. Journ, Geol. Soc. vol. x. p. 47.

t Sir R. I. Murchison.—The following remarks of an eminent French-
geologist, Constant Prévost, are especially worthy of attention in relation
to this subject :—* On n'a pas assez réfléchi lorsque l'on a dit que les
formations fluvio-marines n’étaient que des accidents locaux d’embou-
chure et de golfe; on pourrait presque avancer, sans paradoxe, que dans
certaines mers bordées de vastes continents, les eanx douces affluentes
produisent plus dans la mer, que les eaux marines elles-mémes. Le Mis+
sissipi et ses tributaires enlévent au continent qu'ils traversent plus de
matieres sédimentaires et de corps organisés, pour les porter dans la mer,
que les vagues de celles-ci n’en prennent sur tout le pourtour des deux
Amériques ; et I'on sait, par de journaliers exemples, que des végétaux
apportés par ce fleuve, des rives du Missouri dans le golfe du Mexique,
vont atterrir sur les cotés d’Islande, et méme du Spitzberg.” —De la
Clironologie des Terrains et du Synchronisme des Formati 1845.
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observer has brought forward a plausible explanation of the
perplexing enigma presented by the purity of the coal itself
from sandy and earthy particles, and by the comparatively
great thickness of many coal-seams. He adduces as illus-
trative of the probable origin of such coal-beds, the exist-
ing conditions of the “ Sunk Country,” in the valley of the
Mississippi, and other of the great “ cypress-swamps ” of that
region, where great areas of rapidly accumulating vegetable
matter are protected by thick marginal belts of reeds and
brushwood, which effectually resist the introduction of any
of the detrital matter suspended in the waters of the annual
inundations.*

9. UerieHET TeEES IN THE COAL-MEASURES.—The oc-
currence of trees in an upright position, in some instances
with their roots attached, and extending into the under-clay,
is regarded as another unequivocal proof of the formation of
coal from vegetables growing on the spot.

Several instances of this kind have been observed in England. One of
the most remarkable was brought to light (from 1837 to 1846), in the ex-
cavations for the Bolton and Manchester Railway, near Dixonfold, where
five large stems (Sigillarie) were found erect, with their roots extending
into a layer of impure clay below, in which were found many specimens
of the fossil cones known as Lepidostrobi.t They stood on the same
plane, and near to each other. The trunks were surrounded and filled
by a soft blue shale, the carbonized bark (or, rather, the thin outer
cylinder of woody tissue) being all that remained of the original structure.
The stems are gnarled and knotted, and have decorticated prominences,
like those in barked trunks of our old dicotyledonous trees. All these
trunks appear to have been broken off by violence at a height of four or

*# Manual of Geology, 5th edit. p. 385. The subject of the origin
of coal-beds, both on the hypothesis of the accumulation of plants grow-
ing in place, and on that of the drifting of masses of plants, is ably treated
in De la Beche’s “ Geological Observer,” and in Phillips’ “ Manual of
Geology.”” See also Williamson’s Remarks, Rep. Brit, Assoc. 1312,
Sect. p. 48.

1 Medals, p. 141,
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10. Urrterr Trees ar WoLverEAMPTON s¥p 5%
Er1en~E.—The following examples may also be adduced.

In a colliery near Wolverhampton the bottom coal rises to view, l{“?‘
where the surface has been cleared of the alluvial covering, it presec® £
¢ the appearance of a moor on which a full-grown fir-wood had been e“’l

down a few months before, and only the stumps left behind. Stump r/

beside stump, to the number of seventy-three inall: the thickly divergim®®— £
roots strike out on every side into what had been once vegetable monl?’
but which now exists as an indurated brownish-coloured shale. M 4
trunks, sorely flattened, lie recumbent on the coal, some of thmnfn’
thirty feet in length, while some of the larger stumps measure ‘
more than two feet in diameter. There lie thick around Stigmarie=="
Lepidodendra, Calamites, and fragments of Ulodendra ; and yet, with al -
the assistance which these lent, the seam of coal formed by this ancien -
forest does not exceed five inches in thickness. . . . . . Not a few o ===
the stumps in this area are evidently water-worn. . . . . . The prostratesss—
forest had been submerged, and mollusks lived and fishes swam over it.™™
This upper forest is underlaid by a second, and even a third ; we finsesss
three full-grown forests closely packed up in a depth of not more tha——
twelve feet.*

A coal-pit at Treuille, near St. Etienne, Department of the Loire, i =1
France, described by M. Alexandre Brongniart, contains many Hems e—f
Calamites and other trees in an erect position ; and this fact is general My
considered as an indisputable proof that the coal was produced by tk—mé
submergence of a forest that once grew on the spot: but as many of the =s=me
stems are inclined at various angles, and their roots implanted in di &~
ferent beds, the perpendicularity of the upright trees is possibly sce=1i-
dental. This mine is most favourable for observation, for it is in tHme
open air, and exposes to view a natural section of the strata of clay, shal €,
and coal, with four layers of compact iron-ore, in flattened nodule=S,
which are accompanied, and even penetrated, by vegetable remains. T X2©
upper ten feet of the quarry consist of micaceous sandstone, which is ET®
some instances stratified, and in others possesses a slaty structure. IntInis
bed are numerous vertical stems traversing all the strata, and appeari X285

- like a forest of plants resembling the Bamboo or large Equiseta, turrn

into stone, in the place on which it grew. The stems are of two kind = :
R

* First Impressions of England and its People, by Hugh Miller, p. 223
(Edit. 1857, p. 202). This fossil forest is described and illustrated bY
Messrs. H. Beckett and W, Ick, in the Geol. Soc. Journ. vol, i. p. 48 -
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In the Joggins section many of the erect trees appear without roots;
which circumstance is explained by Mr. Dawson, lst, by the fact that
in the cxposed cliff the under-clays, with the roots, weather away, leaving
the stumps still supported by the overlying and harder sandstone ; and
2ndly, by the supposition that often the roots have been incorporated with
the coal-seams.® These trunks often resemble those found erect at
Dixonfold, in England ; but some are decidedly Sigillarie. A few of
the upright trees appear to be true Conifere.

At Pictou, a hundred miles to the eastward of the Minudie coal-mea-
sures, the same group of depusits.occurs, and yields a large supply of
coal. In this locality there is a row of upright Calamites, in sand
all terminating downwards at the same level, where the sandstone joins a
layer of coarse grey limestone with pebbles. The tops of the Calamites
terminate at different heights, where the grit becomes coarser ; and have

.not been removed by decay, but have evidently been broken sharply off,
sometimes presenting at the summit a crushed appearance, like that of a
hollow cylinder of paper bent at right angles. The bed of erect Calamites
at St. Etienne (p. 688) is regarded by Sir C. Lyell as analogous; and he
considers both localities as affording unequivocal proof of fossil trees oc-
cupying the ground on which they originally grew.+ Sir C. Lyell has
also described a good example of numerous upright and rooted fossil trees
(Stgillarie) as occurring in the coal-measures of Indiana, at Kimball’s
Mill, near Evansville.]

To account for the several series of these erect trees at
successive stages on the supposition that the trunks are now
standing in their original position, we must suppose period-
ical subsidences of the land to have taken place. “It by
no means follows,”” observes Sir C. Lyell, “that a sea four
or five miles deep was filled up with sand and sediment. On
the contrary, repeated subsidences, such as are required to
explain the successive submergence of so many forests which
grew one above the other, may have enabled this enormous
accumulation of strata to have taken place in a sea of mode-
rate depth.” §

® Quart. Journ. Geol. Soc. vol. x. p. 30.

+ Travels in North America, vol. ii. p. 195 ; Dawson, Quart. Journ,
Geol, Soc. vol. vii. p. 195 ; and ‘ Acadian Geology,” 8vo, 1815,

1 Second Visit to the United States, vol. ii. p. 272.

¢ Travels in North America, vol. it. p. 190.
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definite ages, and bearing faithful records of extinct systems of vegetati
which began and terminated in times of which these relics are the inf
uble historians. Such are the grand natural herbaria wherein these m
ancient remains of the vegetable kingdom are preserved in a state of
tegrity little short of their living perfection, under conditions of our pla
which exist no more.” *

13. M1LLsTONE-GRIT.—The coal-measures north of t
Trent are superposed on the group of coarse sandy a
pebbly deposits designated by this term; but to the sou
these strata appear as a hard sandy rock (“ Farewell-rock ’

The most characteristic bed of this series is the quartzose conglom
ate, termed millstone-grit, which consists of rolled fragments of quar
rock and granite, of various sizes, from that of a pear downwards,
mented together in some instances by an argillaceous, in others by
crystalline silicious paste. Sandstones composed of the fine detritus
similar materials are associated with the grit, Water-worn fragments
shale, coal, red-sandstone, stems of plants, &c., all bearing marks
transport by currents and streams, are also often found imbedded the
in. Beds of coal are occasionally interpolated in this series, and in so
localities the lowermost strata consist of shales with coal-plants, and ¢
tain nodules of ironstone similar to those of the upper coal-strata, =
veins of lead and copper. Satin-spar, and naphtha, petroleum, and ot
bituminous substances, occasionally occur in the shales of this series_

In Yorkshire the Millstone-grit is an important deposit, contaic-
several subordinate beds of coal ; and is separated from the great infe=
calcareous group (known in the north of England as the Scar-limesta
by deposits, not less than 1000 feet thick, equivalents of the Upper Laa
stone-shales of Derbyshire, and known as the Yoredale-rocks, in w1
five series of limestone-strata, remarkable for their continuity and regg-
thickness, alternate with great masses of sandstone and shale, contaima
innumerable impressions of coal-plants, and a few seams of coal.

In a sandstone belonging to this series, from the Hutt
Roof Mine, Mr. Binne } has recognised trails of Mollus
and of Annelids; and in the Millstone-grit of Tintwistk

® Bridgewater Treatisc, p. 458.
t+ Professor Sedgwick, ‘ Anniversary Address,” 1831, Proc. Geol. So(
vol, i. p. 286 ; Phillips, “ Geol. Yorkshire,” and * Manual Geol.”” 1855
7} Trans. Phil. Lit. Soc. Manchester, 2nd ser. vol. x, p, 18L
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This series of strata is also remarkable for the deep chasms and fis-
sures by which the rocks are traversed; the principal caverns of this
country being situated in them ; those of Derbyshire, Yorkshire, Somer-
setshire, &c., are well known. Swallow-holes and subterraneous rivers
are likewise frequent throughout the districts formed by these deposits.

The mountain-limestone is largely developed over the central and
northern parts of England, and the south-west of Scotland : and it is the
predominant rock throughout the greater part of Ireland. In Somerset-
shire, Gloucestershire, Shropshire, North and South Wales, and Derby-
shire, it constitutes an almost entirely calcareous mass, interposed be-
tween the Devonian group below (or, where that is wanting, the more
ancient Silurian rocks) and the upper shales, grits, and coal above. In
Cumberland, and Westmoreland, &c., it appears as an elevated belt, which
partly surrounds the Cumbrian slate-mountains, and forms, on the west,
a ridge nearly three thousand feet in height.

In Northumberland the mountain-limestone, modified by intercalated
shales and coal-beds, and associated with the overlying millstone-grit, oc-
cupies large areas, and constitutes ranges of hills of considerable elevation;
the geographical features strongly contrasting with those of the adjacent
country on the south, which consists of the upper coal-bearing strata,
spread out in a plain of great extent.

In Derbyshire the grand physical features of the country are produced
by the mountain-limestone, which rises into crags or peaks, and hills,
presenting bold precipitous escarpments, and produces the wildest and
most picturesque scenery, Professor Phillips estimates the thickness of
the lower division of limestones, with shale-partings, in Derbyshire at 750
feet ; the alternations of shale, sandstone, limestone, and ironstone,
which surmount the former, at 500 feet; and the cappings of millstone-
grit which form the summits of the hills, at 360 feet.

The Carboniferous Limestone, though some of the beds are
destitute of fossils, is for the most part largely made up of
corals, crinoids, shells, &c.; these often form three-fourths
of the mass. Of the 1900 feet thickness of Mountain-lime-
stone in South Wales, the lower half may be said to be made
up of Crinoidea and Strophomene, and the upper portion of
Bright (Geol. Trans. vol. iv. p, 193); Mr. Cumberland (ibid. vol. v. p.
95) ; Buckland and Conybeare (ibid. 2 ser. vol. i. p. 210) ; De la Beche
and Williams, Mem. Geol. Surv, vol. i. p. 113; Lounsdale, Murchison’s
Sil. Syst. p. 158. See also Excursions to Clifton, Matlock, and Crich
Hill; Medals of Creation, vol. ii. pp. 864,867, 880.
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cubic and octahedral crystals; it is also disposed in thin
layers, as well as in veins. It is accompanied by fluor-spar,
calc-spar, sulphate and carbonate of barytes, iron-pyrites, &e.
The variety termed specular galena, or slickensides,is a thin
coating of lead on the sides of the veins, and appears to have
arisen from one wall of the fissure having slipped along the
face of the other, so as to yive it a polished or slicken sur-
face.

The beautiful mineral kncwn by the names of fluor-spar,
chlorophane, and Derbyshire spar, and provincially called
Blue-John and Bull-beef, so much in request for vases and
other ornamental purposes, is a fluate of lime,* found in the
state of veins, and in large irregular masses from three
inches to a foot in thickness, in the Odin mines, near Castle-
ton, in Cornwall, and elsewhere.

The structure of the country around Matlock and the
principal metalliferous districts of Derbyshire are so fully
described in varlous works, that the present brief notice of the
manner in which the mirneral and metallic productions occur
will suffice. The chasms in the limestone exposed in some of
the quarries are often more or less incrusted with minerals and
spars, and exemplify the mode in which the rich metallic veins
of lead are distributed in the interior of the mountains. A
fissure which I observed in a quarry in Crich Hill will serve
as an illustration. A layer of the dark blue-grey sulphide of
lead, or galena, was spread over the surface of the limestone
that formed the walls of the fissure, upon this was deposited
a layer of white baryt-spar, and on the latter was a coating
of cubic erystals of fluor-spar of a light-blue colour. Usually
the fissure is filled up by alternating layers of crystalline
veinstones enclosing a central vein or “rib ”* of galena.

16. CarBoNIFEROUS Rocks oF DEvoNsSHIRE.—The rapid

*# This appears to have been the enigmatical substance of which the al-
most priceless “ Myrrhine vases” of ancient Rome consisted. (Fraser's
Mae)
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posed on “Devonian” strata, but much dislocated and
altered in character by intrusions of granitic rocks.

The culmiferous deposits of Devonshire were once con-
nected with the coal-formation of South Wales, on the north
side of the Bristol Channel : the fossil vegetables which they
contain appear to be identical with those of the coal-basin
of South Wales. In the section, fig. 1, through Devonshire
from NNE. to SSW. the culmiferous beds (a) are seen to
occupy a trough, and to repose on each side on the schists
and calcareous sandstones (3, b)) of the Devonian or Old
Red series. The section (fig.2) from north to south shows
the carboniferous strata (¢), flanked on the north side
only by the Devonian rocks (b), the granite of Dartmoor
(c) having been protruded on their southern edge ; while
the Devonian rocks re-appear in the southern part of the
county, terminated by a band of micaceo-chloritic schists,
which are parallel to the great disturbing axis of Cornwall
and Devon, and are probably metamorphosed sedimentary
deposits.*

17. TraP-rROCKS AND TRAP-DYKES OF THE CARBONIFER-
ous SErIES.—The coal and its associated strata everywhere
exhibit proofs of the violent subterraneous movements
which they have undergone since their original deposition ;
and but few coal-fields are free from extensive faults and
dislocations, by which the beds have been broken up and
thrown into different levels and positions. The entire group
is also often traversed by veins and dykes of intruded vol-
canic rocks; generally consisting of the hard, dark-green,
fine-grained stone, called #rap.

In Yorkshire there is a trap-dyke of prodigious extent and thickness,
named the Whin-sill, which traverses the coal-measures, red sandstones,

* Besides the above-quoted works by Sedgwick and Murchison on the
Culmiferous beds of Devonshire. the reader should also consult De la
Beche’s ¢ Report on Cornwall, Devon, and West Somerset,”” Phillips’s
“ Palreozoic Fossils of Devon,” &c., and the first vol. of the *“ Mem. Geol.

Survey ; ** and Sir R. Murchison’s “ Siluria.
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and lias, and passes from High Teesdale to the confines of the eastern
coast; a distance of upwards of sixty miles.

In Derbyshire, a trap-rock, i many parts amygdaloidal, and which,
from being mottled with grecn and yellow, has received from the miners
the name of ¢oad-stone, is interpolated between the beds of mountain-
limestone of that country, under circumstances of considerable interest.*®

These phenomena can nowhere be studied with more advantage than
in the neighbourhood of Matlock, which is a region of carboniferous lime-
stone, broken up and traversed by volcanic rocks.

The trap-rock of Derbyshire was evidently erupted in a state of fusion
from some very deep-seated source of intense heat, und intruded be-
tween the limestone-beds in three principal currents, now appearing
a8 alternations of trap-rock with sedimentary strata, but which, there is
every reason to believe, sprung from one common source, and are lateral
protrusions from the great mass of igneous matter. The foadstone is a
bard rock, consisting of small nodules of white and yellow calcareous
spar and green earth, imbedded in a dark greenish paste of basalt.
Sometimes the nodules are decomposed, and the stone is then vesicular
or cellular, resembling porous lava, The thickness of each of the three
distinct beds of this ancient subterranean lava-current interpolated in
the mountain-limestone of this district varies from sixty to eighty feet. In
some instances, dykes of toadstone traverse the metalliferous veins, and
a manifest alteration is then observable in the nature of the latter.+

In some places the elevatory movements have torn the rocks asunder ;
in others the strata have partially resisted the expansive effect of the
erupted lava, and are now in a dome-shaped or arched position, and more
or Jess bent and folded.

Crich Hill, near Matlock affords a highly interesting illustration of
this effect of igneous action. It is a dome-shaped hill of mountain-lime-
stone, 800 feet high, consisting of arched strata, enfolding a central mass
oftrap. This dome of limestone has been forced up through the once
sperincumbent strata of millstone-grit, which now furm a broken and
highly inclined wall around it. Such is Crich Hill, a stupendous monu-

* See Mr. W. Hopkins’s “ Remarks on Mr. Farey’s Account of the
Stratification of the Limestone District of Derbyshire,”” Phil. Mag. 3rd
ser. vol. v. p. 121.

+ In the cavern at the base of the High Tor in Matlock Dale, a bed of
toadstone is seen on the floor, beneath the limestone-strata of which the
cliff is composed, and may be traced across the river to the opposite
escarpment of Masson’s Hill, where it is exposed on the road-side. Sce
Medals of Creation, vol. ii. p, 876.
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ment of one of the past revolutions of the globe,—with its arches of rifted
rock tceming with mineral veins, and resting on a central mound of
molten rock now cooled down into an amorphous mass of compact

basalt.*
A dyke of the volcanic rock called green-stone, in some places eighteen

yards wide, and which has been traced nearly seventy miles, traverses the
Newecastle coal-measures on Cockfield-fell. The coal at the distance of
fifty yards from the dyke is altered in its character, and near its contact
with the erupted mass is reduced to half-burnt cinder and sooty coaly
matter. Wherever trap traverses coal-deposits, more or less chaunge is
always observable in the carbonaceous materials.

18. Favrurs IN THE CoAL-MEASURES.—In illustration
of the displacements called faults, in carboniferous strata,

Barrow Lill,
600 feet.

The Gld Park.

Trap-rock. Coal.

LIGN. 160.—ERUPTED TRAP-ROCK, IN THE DUDLEY COAL-FIELD.
(Sir R. I. Murchison's Sil. ‘yst. pl. 37, fig. 1.)
a, a, Alluvial soil.
1. Erupted Trap-rock.
2, 2. Coal-measures.
3. Barrow Fault : upcast of 90 yards.
4, 4. Coal, charred and altered from contact with the Trap.

T shall select a remarkable one that occurs in the Dudley
Coal-field, near Barrow Hill (Lign. 160). The central mass
of erupted trap that occasioned the dislocation rises to the
surface, and forms the summit of Barrow Hill, which has
an elevation of about 600 feet. The displacements of the
strata on each side of the volcanic rock have produced two
lines of fault: and the coal in contact with the igneous rock,
as is usual under such circumstances, is charred, and deprived
of its bituminous quality.
* See Medals of Creation, p. 890.
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tions of more recent ice, by which they are held together, represent the
clay and rubbish that fill the faults, and form the partition-walls that in-
sulate these adjacent portions of strata, which were originally formed
like the sheet of ice, in one continuous plane.”’®

There is a circumstance connected with the upheaval
and disruption of the carboniferous strata, and which is
also observable in other loosely aggregated deposits, that
demands attention. However great the uprise or downcast
of the rocks on one side of a fault, it is seldom that there
are any external indications of the displacement visible ; a8
for example in the fault of Barrow above sketched (Zigns. 160
and 161).+ The removal of the upraised masses has possibly,
in some instances, been occasioned by debacles or floads of
water that have swept over the surface of the country ; but
in those cages in which the elevated strata were of great ex-
tent, and the displacement involved large areas, it is probable
that the removal was effected by the action of the sea, when
the rocks were first dislocated and forced upwards, and
before they emerged above the waters. In other instances,
the disintegration may have taken place during their gradusl
elevation, in like manner as the removal of the Chalk, and
the denudation of the underlying Wealden of the south-east
of England, were produced. (See above, vol. i. p. 371.)

19. GEOGRAPHICAL DISTRIBUTION OF THE COAL-MEs
sURES.—Although the geological map (Plate I. p. 474) is
on a small scale, it will serve to convey a general idea of the
geographical position of the areas occupied by the Carboni-
ferous strata of England. The principal coal-basins are those
of Somersetshire, Gloucestershire, North and South Wales,

* Bridgewater Treatise, p. 543.

+ Mr. Bakewell has treated this subject with great ability : see chap
ix. * On the general removal and disappearance of the coal-strata, raise¢
by faults above the surface of the ground.”’— Introduction to Geology, 51!
edit. p. 200.
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In many parts of France and Geermany there are isolated

patches of coal-strata, entirely free from marine fossils, and

' reposing on granite and other hypogene rocks: they are,
however, confined to small areas: as in the Department of
the Loire, at Brassac in Silesia, and many other places. All
these deposits appear to have been formed in lakes, existing
on land-areas skirted by the sea in which the Mountain-
limestone was deposited.*

In Central France, the rocks that constitute the eastern
boundary of the Limagne d’Auvergne are referable to the
Carboniferous period, and present phenomena of a highly
interesting character, which were first pointed out by Sir
R. Murchison in a memoir “On the Slaty Rocks of the
Sichon.” t

The mineral structure of the schists of the Sichon, their purple,
plum-coloured exterior, and their fracture, combined with the aspect of
the sandstones, grits, and conglomerates, give them a character from
which few geologists would hesitate to assign them to the greywacke
or most ancient Silurian or Cambrian deposits. But Sir R. Murchison, it
1851, obtained fossils } which prove that these rocks belong to the Car-
boniferous series: the intrusive porphyries of this tract having been
erupted after their deposition. Many of the beds of the coal-field of St
Eloy, near Montaigne, are made up of the detritus of still older schists and
their quartz veins. Sir R. Murchison could not positively determine
whether this coal-tract, as well as other numerous little coal-deposits
that extend along the western side of the Mont Dor into the Cantal, ar
not of the same date as the carboniferous schists of the Sichon ; but he
is inclined to think them an upper member of the same group. At
events, the highly dislocated positions of the former, and the manner in
which they are wedged in among more ancient rocks, indicate that the
great porphyritic eruptions above alluded to took place subsequently t¢
their accumulation.

From this occurrence of Mountain-limestone fossils in strata of suct

* For an admirable exposition of the relative positions of land an¢
water during the coal-period, see Mr. Godwin-Austen’s Memoir, in t}
Qnart. Journ. Geol. Soc. vol. ix. p. 57, &c. See also * Sil. Syst.” p. 148-

+ Journ. Geol. Soc., vol. vii. p. 5, &c.

1 Chonetes, Phillipsia, Orthis, Productus, &c., of Carboniferot1

spocies.
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with conglomerates, sandstones, and argillaceous shale ; and
the conglomerates are composed of quartz-pebbles like those
of our Old Red Sandstone. Deposits of anthracite exist in
Worcester and in Rhode Island, of which an admirable ac-
count has been published by Professor Silliman.

Extensive coal-fields are found to the west of the Alle-
ghany Mountains, towards the Mississippi; and the base of
the whole extent of the plain of that mighty river appears
to be Carboniferous Limestone, the strata of which rest
against the Alleghany Mountains on the east, underlie the
sand-plains on the west, and, with the lower pal®ozoic rocks,
are upturned on the flanks of the Rocky Mountains at Fort
Laramie.* The uppermost layer of the Mountain-limestone
supports strata of bituminous coal and shale. Iron-stone
abounds in these deposits; and mines of lead occur over a
district of two hundred square miles, in the States of Mis-
souri and Illinois.t The principal coal-fields in the United
States are the Appalachian, the Illinois, the Arkansas, and
the Mlchlgan the Appa.]a.chlan with a computed superﬁcm.l
area of 63,000 square miles, is 726 miles long, and in many
parts 180 wide, exclusive of detached anthracitic basins to
the eastward : the Great Western, or Illinois,} is much more
extensive, and has an area as large as England.

The Appalachian coal-field, before its original limits were
reduced by denudation, is computed to have been 900 miles
long and 200 wide. The thickness of the Carboniferous
strata in Virginia and Western Pennsylvania exceeds 3000
feet.§ A large portion of the coal is in the state of anthra-
cite, or stone-coal, generally resulting from the influence of
subterranean high temperature at former periods. For the
most part, the bituminous coal is that which is farthest re-

* Marcou’s Geol. Map.  + Smart’s Travels in the United States.

1 Dale Owen’sGeol. Survey of Wisconsin, Iowa, &c.; Lyell and Hall’
Report on the New York Exhibition.

§ Professor H. D. Rogers' Address, May, 1844.
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of coal-measures, and (8.) the Carboniferous Limestone, as-
sociated with gypsum, marls, and sandstones.*

The Carboniferous Limestone has also been recognised in
the Arctic Regions,t South America,} Northern India,§ and
probably in Australia.|

Coal of New Zealand.—The coal found in the north and
middle Islands of New Zealand is lignite, more or less com-
pact, and referable to tertiary formations, according to the
observations of Dr. Dieffenbach, Mr. Walter Mantell, Dr.
C. Forbes, and others. But, according to a communication
from Mr. William Lyon to the author, coal of a more an-
cient period exists about thirty miles from Christchureh, in
the valley of the Selwyn. The Canterbury district, from
Timaru to Waipara, is in many places bordered by &
series of low undulating downs, resting upon the rugged
ancient rocks which form the vast boundary-line of the
settlement. It is in that portion of these downs known 88
the Malvern Hills that the coal-formation occurs. It con-
sists of the usual series of limestones, sandstones, clays more
or less indurated and laminated, bituminous shales, seams of
coal and clay, ironstone, &ec., which usually constitute the
coal-measures. The limestone is the highest bed seen crop-
ping out ; it is fossiliferous, of a superior quality, and at least
sixty feet in thickness: separated from this by sandstones
and shales, lies the main seam of coal; the first seam is
four; the one beneath, six feet in thickness. The associ-
ated rocks contain seams of clay-ironstone, one of them
abounding in fresh-water shells—unicnes (?). The laminated
clays and shales contain impressions of stems and leaves

* See Prof. Dawson’s “ Acadian Geology,” 1855.
1 Sir E. Belcher, ¢ Arctic Voyage,’’ 1855; Appendix.
1 A. D’Orbigny, Voyage dans I’Amér. Mérid. vol. iii. p. 231.
_ § Dr. A. Fleming, Quart. Journ. Geol. Soc. vol. ix. p. 293.
J|I See the Works of Strzelecki, Darwin, Jukes, M‘Coy, Clarke, Stutch-
bury, &c.
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few botanical principles, we may not only discover the form
and character of vegetables of which but the faintest vestiges
remain, but also point out important inferences relating to
the state of the earth, the nature of the climate, and even of
the seasons which prevailed at the periods when those plants
flourished. Mr. Babbage has admirably exemplified the in-
ductive process by which such results may be obtained :—

¢ We have seen that dicotyledonous trees increase in size by the de-
position of an additional layer annually between the wood and the bark;
and that a transverse section of such trees presents the appearance of a
series of nearly concentric irregular rings, the number of which indicates
the age of the tree, The relative thickness of these annular markings
depends on the more or less flourishing state of the plant during the
years in which they were formed. Each ring may, in some trees, be ob-
served to be subdivided into others, thus indicating successive periods of
the same year during which its vegetation was advanced or checked.
These rings are disturbed in certain parts by irregularities resulting from
branches ; and the year in which each branch first sprang from the pa-
rent stock may therefore be ascertained by proper sections. These pro-
minent effects are obvious to our senses; but every shower that falls,
every change of temperature that occurs, and every wind that blows,
leaves on the vegetable world the traces of its passage ; slight, indeed,
and imperceptible perhaps to us, but not the less permanently recorded
in the depths of those woody fabrics.

¢ All these indications of the growth of the living tree are preserved in
the fossil trunk, and with them also frequently the history of its partial
decay. Let us now examine the use we can make of these details rela-
tive to individual trees, when considering forests submerged by seas, im-
bedded in peat-mosses, or transformed, as in some of the harder strata,
into stone. Let us imagine that we possessed sections of the trunks of
a considerable number of trees, such as those occurring in the stratum
called the Dirt-bed in the Island of Portland.® If we were to select a
number of trees of about the same size, we should possibly find many of
them to have been contemporaries. This fact would be rendered pro-
bable, if we observed, as we doubtless should do, on examining the an-
nual rings, that some of them, conspicuous for their size, occurred at the
same distances of years in several trees. If, for example, we found on
several trees a remarkably large annual ring, followed at the distance of

* See above, vol. i. p. 398,
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8even years by a remarkably thin ring, and this again, after two years,
Succeeded by another large ring, we should reasonably infer from these
trees, that, seven years after a season highly favourable to their growth,
there had occurred a season unfavourable to them; and that after two
More years, another very favourable season had happened ; and that all
the trees 5o observed had existed at the same period of time. The na-
ture of the season, whether hot or cold, wet or dry, would be known with
some degree of probability, from the class of tree under examination.
This kind of evidence, though slight at first, receives additional and great
confirmation by the discovery of every ntw ring which supports it; and,
by a considerable concurrence of such observations, the succession of
seasons might be ascertained in geological periods, however minute.”

24. MICROSCOPIC EXAMINATION OF FOSSIL TREES.*—
The discovery of a process by which the structure of fossil
vegetables can be examined with as much facility as that of
recent plants, has shed an unexpected light on the ancient
botany of our planet. On this plate of glass you perceive a
thin film of a dark substance, apparently of varnish. It is
a slice of the blackest jet; and, if held between the eye and
the light, appears of a rich brown colour, and displays a lig-
neous structure, resembling that of deal or fir: it is, in fact,
a thin section of fossil coniferous wood; for jet is nothing
more than the wood of some species of fir or pine, that has
undergone the process of bituminization, as I shall presently
explain. When viewed under a microscope, the small pit-
tings, which I have mentioned as peculiar to the Conifere
(Lign. 162, figs. 2 and 3), are distinctly visible. The other spe-
cimens before us are silicified woods, prepared in the same
manner. A few words in explanation of the mode by which
sections of such extreme thinness are obtained may not be
uninteresting. A slice is first cut from the fossil wood by
the usual process of the lapidary ; one surface is ground per-
foctly flat, and polished, and then cemented to a piece of
plate-glass by means of Canada-balsam ; the slice thus firmly
attached to the glass is next ground down %o the requiste

*® Medals of Creation, vol, i.p. 5.
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degree of tenuity, 80 as to permit its structure to be s
by the aid of the microscope. It is by this ingenious ;
cess that the intricate structure of any fossil plant can )
be investigated, and the nature of the original determi
with as much accuracy as if it were recent.*

A method discovered by Dr. Franz Schulz, of detecting the inte
vegetable structure in lignite, coal, anthracite, &c., consists in treating
cval with nitric acid in a platingm-vessel, and then evaporating the
by a moderate heat, and igniting the residue until no further empy
matic vapours are given off ; the residue is submitted to the actiol
nitric acid, and the ignition repeated. Thus prepared, the coal is plt
in a platinum-crucible with a lid perforated in the centre, and air is bl
from a gasometer through the aperture in the lid, while the crucibl
kept at a red heat over a spirit-lamp, so that the coal is slowly ¢
sumed. The ash thus obtained is not in the state of coke, as would
the case in the ordinary method of incineration, but forms a brown p
der full of white splinters. These splinters, on microscopical exan
ation, are found to be the silicious cellular structure of the orig
vegetable. By this process vegetable tissue has been detected in
anthracite or stone-coal of Pennsylvania, by Dr. Baily.t

The experiments and observations on the structure of plants by
Rev. J. B. Reade have brought to light some interesting facts in illus
tion of this subject. Mr. Reade states that ““ by the agency of heat
surrounding silicious matter may be liquefied, and the carbon and §
eous products of the wood dispelled, while the essential characters of
fibrous and cellular structure are undisturbed. The unconsumed |
tions, which alone constitute the true vegetable frame-work, are thus
it were, mounted in the fluid silica. This property of vegetable fibn
retaining its form, notwithstanding the action of a high temperature, !
gested to me the probability of detecting structure in the ashes of ¢
and upon examination, I found that the white ashes of ‘slaty coal’
nish most beautiful examples of vegetable remains.”” In a subseq'
paper the author adds the following remarks:—* Having ascerta

* See H. Witham’s * Observations on Fossil Vegetables,’” with p
of the internal structure of plants; also Prof. J. Quekett’s *“ Histolo;
Lecturcs,” and “ Histul. Catal. Roy. Coll. Surgeons;*’ Alex. Bry:
paper on Preparing Fossils for Microscopic Investigation, Edinb.
Phil. Journ. N. S. vol. iii. p. 297 ; and Dr. Carpenter’s Microscope.

+ American Journal of Science, 2ud series, vol. ii. p. 124,
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that the silicious organization of recent plants is not destructible, even
under the blow-pipe, it appeared to me a natural inference, that the less
intense heat of & common fire would not destroy this silicious tissue in
the coal-plants ; and my opinion has been confirmed, for 1 have detected in
the white ashes of coal all the usual forms of vegetable structure, viz. cellu-
lar tissue, smooth and spiral fibre, and annular ducts. A comparison of the
ashes of coal with those of recent plants would doubtless afford some
further insight into the nature of fossil vegetables. To mention only one

instance,—1 have ascertained that the lumps of carbonized matter which
occur abundantly in the Upper Sandstone near the Spa at Scarborough
are, in all probability, portions of the stems of some arundinaceous or
gramineous plants. The structure of the epidermis is precisely similar
to that of the oat, consisting of parallel columns, set with fine teeth, dove-
tailing, as it were, into each other, while the underlying tissue consists
of cubical cells, a thin horizontal section exhibiting a series of squares.

From these facts it is evident, that the true framework and basis of ve-

getable structure in the plants of coal is not only entirely independent of

carbon, but that it has also resisted the bituminous decomposition which
has converted all the carbonaceous materials into a highly inflammable
substance,” ®

Another plan for facilitating the microscopical examination of coal is
as follows: +—Soak the coal or lignite in a saturated solution of carbonate
of soda for from ten to fourteen days, when it will be much softened, and
fine slices may be cut from it with a razor or scalpel ; place the slices in
strong nitric acid, until they become somewhat bleached ; use them with-
out delay, and, if desirous of preserving the preparations, mount them in
glycerine.

Prof. Morris recommends a ready mode of preparing coal for exa-
mination,—boiling the small fragments in nitric acid, washing, and exa-
mining them at once.

25. Nature oF Coar.—In this stage of our inquiry
the nature of the process by which vegetables are converted
into the mineral substance termed Coal requires additional
consideration.

Under the microscope a thin slice of true coal exhibits minute,yellowish,
semi-transparent particles, with an intermediate deep-brown substance.
The amber-coloured material is of a bituminous nature, and so volatile

* Journal of 8cience, vol. ii. p. 413.
+ For the explanation of this method, the Editor is mndcbied Lo Rrut.
lentrey. See also Aierograph. Dict.
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as to be readily expelled by heat before the texture of the coal is de-
stroyed. When the slice is taken in one direction, the yellow particles are
seen to be elongated ; when cut at right angles, minute circular cross-sec-
tions of these bituminous bodies are observed, appearing like cells packed
closely together. The intermediate brewn substance consists of vegetable
fibres and earthy matter. The lengthening out of the component yel-
low particles is evidently due to the compression of layer on layer of the
carbonaceous matter; hence the readiness with which coal usually
breaks into cubical masses; the line of fracture passing between and pa-
rallel with the compressed particles on four sides of the cube, and across
them at right angles to their length, on the other two sides of the cube.
The same rule is necessarily followed in the cleavage of every substance
containing either elongated particles or elongated cavities,—whether it be
clay-slate or mica-schist, timber or pie-crust.

The yellow bituminous particles in the coal are the chemical result of
the decomposition of the old vegetable matter, consisting of the loose
woody and pithy tissue, chiefly of Sigillarie, Lepidodendra, and Calamites,
which formed the great swamp-jungles of the coal-period. Layer after
layer of these dead trees accumulated as swampy peat, intermingled here
and there with tree-ferns and coniferous trees, brought from higher ground
by floods and freshets, and occasionally overlaid by sand- and clay-beds;
and the pulpy mass of black carbonaceous mud, similar to what may now
be found at the mouths of the tropical rivers and in the swamps of the Mis-
sissippi, underwent those gradations of change which converted the woody
fibre of the plants into the hydrocarbon of the coal. Hence the endless
varieties of cannel-ccal and ordinary coal. The former not unfrequently
contains the remains of Anthracosie, Myaline, and Fishes, and, at Pictou,
of Reptiles. Cannel-coal has more earthy and animal matter than common
coal contains; and frequently alternations of thin layers of earthy cannel
and bright black bituminous coal are observable in common coal.

The Boghead or Torbane Hill coal (* Bitumenite®’ of Dr. Trail) appears
to be a modification of the usual form of cannel-coal ; the constituent bi-
tuminous particles being larger, less compressed, and more radiated in their
inner structure. The  Albertite,”” found at Hillsborough, New-Bruns-
wick, is still more bituminons, and is amorphous in its composition.

In the dust and the ashes of coals fragments of reticulated and dotted
tissue, and of pitted fibres, may be readily found, forming interesting mi-
croscopical objects. The scalariform tissue of Sigillaria is not unfrequent
in the cannel-coals, Even in the anthracite or stone-coal of North
America, which is a hard slaty rock, the vascular tissue may be rendered
distinctly visible.

The best specimens of pitted fibre (coniferons wood) ure chtained from
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the dusty charcoal-like substance often seen on fresh surfaces of coal.
This “mother-charcoal ” is supposed to be the relics of the drifted coni-
fers, the wood of which appears not to have readily mingled with the
Swamp-peat.®

Mr. Parkinson, whose work on Organic Remains abounds in interest-
ing observations and experiments on the fossilization of vegetable sub-
stances, has argued, that the formation of coal has depended upon a
change which all vegetable matter undergoes when exposed to heat and
moisture, under circumstances that exclude the air, and prevent the
escape of the more volatile principles.+ In this condition, a fermentation,
which he terms the bituminous, takes place, of which the phenomenon
exhibited by mow-burnt hay is a familiar example. The production of
sugar, and, by continuance of the process, of vinegar, is effected by ve-

® Besides the works of Lyell already alluded to, and De la Beche’s
“Geolog. Observer,” and other general treatises, especially Prof. Ansted’s
“Elem. Course of Geology,” &c., the student is especially referred, for
the consideration of the nature and structure of coal, to the following
works ;: Dr. Redfern ““On the Nature of the Torbane Hill and other Va-
tieties of Coal,”” Quart. Journ. Microsc. Science, vol. iii. p. 106; Prof.
Balfour ““ On the Structure of Coal,” Annals Nat. Hist. 2nd ser. vol. xiv.
P-229; Prof. Quekett “On the Intimate Structure of a Peculiar Com-
bustible Mineral from the Coal-measures of Torbane Hill, near Bathgate,
Linlithgowshire, "’ Transact. Microsc. Soc. N. S. vol. ii. p. 34; Dr.
Hooker ““On the Vegetauon of the Coal-period,”” Mem. Geol. Survey,
vol. ji. part 2; Prof. Harkness “ On Coal,”” Edinb. N. Ph. Journ. vol.
Ivii, p. 66, and *“ On Mineral Charcoal,” ib. N. 8. vol.i. p. 73 ; Prof. J. W.
Dawson “On the Coal-measures of the South Joggins,” Quart. Journ.
Geol. Soc. vol. x. p. 1; Mr. G. Tate’s “Fossil Flora of the Mountain-
Limestone Formation of the Eastern Borders;” and his papers on the
subject in the Trans. Berwicksh. Nat. Field-club, vol. ifi. pp. 134, 195,
and 218; and Mr. Newberry *On Cannel-coal,” Americ. Journ. Science,
2nd ser, vol. xxiii. p. 212, and Edinb. N. Ph, Journ. N. S. vol.v. p. 364
aud vol. vi. p. 368.

Many valuable remarks on the similarity of physical and chemical con-
ditions exhibited by peat-moss, lignite, and coal are to be found in the
“Essays on the Natural History and Origin of Peat-moss,” by the Rev.
R. Rennie, 8vo, Edinburgh, 1810; and also in Leo Lesquereux’s Me-
moir in the Bullet. Soc. Sc. Nat. Neuchitel; vol. i. p. 471, and Quaxt.
Journ. Geol. Soc. vol. iv. part 2, Miscell. p. 30.

1 Organic Remains of a Former World, vol. i. p. 181,



720 THE WONDERS OF GEOLOGY. Yxer. VL

getable fermentation in the open air. In the process of hay-making, the
saccharine fermentation is induced, and the grass acquires a peculiaz frs+
grance and sweetness; but in wet seasons, when the hay is prematurely
heaped together, the volatile principles cannot escape from the inner mss
of vegetable matter, heat is rapidly evolved, a dense vapour exhales, and
at length flames break forth,and the stack is consumed. When the
process is interrupted, and combustion prevented, the hay is found
have acquired a dark-brown colour, a glazed or oily surface, and a bitt
minous odour. Were vegetable substances, under the circumstance
here described, placed beneath great pressure, 8o as to confine the gaseo?
elements, bitumen, lignite, or coal might be produced, according to th
various modifications of the process. Vegetable matter is thus trac€
through every stage of the saccharine, vinous, acetous, and bitumino’
fermentations ; producing alcohol, ether, naphtha, petroleum, bitume
amber, and even the diamond ; and explains that by the process of bit
minization stems and branches have been converied into brown-co:
lignite, jet, coal, and anthracite.

According to analyses made at the Museum of Practical Geology
the Newcastle coal has a specific gravity, varying from 1.23 to 1.31, &
consists of

Carbon from 78.01 to 85.58

Hydrogen — 5.04 — 5.56
Nitrogen — 072 — 1.84
Sulphur — 071 — 1.85
Oxygen — 2.40 —10.31
Ash — 214 — 9.12

The percentage of coke left by this coal varies from 35.60 to 72.31.
Iron- and copper-pyrites abound in many of the beds of coal; 1 an
indecd, these metallic substances are very generally met with in a
cumulations of carbonized vegetables. The carburetted hydrogen, wi
the acid and extractive matter, resulting frum vegetable decompositio
are adequate to produce copper-pyrites, and even metallic copper, fro
water holding salts of copper in solution. The pyrites so abundant
the Wealden strata of the Isle of Wight, in the Gault, the Kimmerid
Clay, the Lias, and other formations has originated from this cause.
Prof. W. B. Rogers has some interesting remarks on the origin &
accumulation of the proto-carbonate of iron in coal-measures, in Sillimai

® The Parliamentary * Reports on the Coals suited to the Steam Navy
hy Sir De la Beche and Dr. L. Playfair, 1848—51.

1 Some observations on the presence of certain metals in coal will
found in the Report of the Brit. Assoc. 1856, Sect. p. 51.
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of the coal depends on the nature of the bed which immediately covers it.
If this be argillaceous shale, the escape of the gaseous matter of the coal
is prevented ; but, if the roof be arenaceous, the gas is evolved from the
coal, and collects in the innumerable fissures and pores of the sandstone,
which become filled with carburetted hydrogen, and form as it were a
gasometer, ready to explode upon any occasion. Mr. Hutton is of opinion
that this gas exists in a highly condensed, and even liquid, state in the
pares of the coal; and that the small explosions (termed by the miners
eructations) which often take place when the coal is struck with a pick,
are due to the sudden expansion of the condensed gas.*

Carburetted hydrogen obtained artificially from coal, peat, oil, and
wood,+ is well known as *“gas,” of which such large supplies are now
needed for the lighting of our towns. This gas is thrown out naturally from
the coal-deposits of many districts ; and is sometimes, under those circum-
stances, used for economical purposes.} The fire-temples of Western
Asia were, and still are, supplied from this source ; at some salt-works in
China, they have long used this inflammable gas in evaporating the brine,
and lighting the premises; the town of Fredonia, in New York State, is
lighted by means of a local supply of the gas; in the Hepburn Colliery,
the gas from the coal is used to light the stables ; and at Wallsend, a large
quantity of gas (11,000 hogsheads a minute) is brought to the surface by
iron pipes, and wasted.

27. BrrumeN, PeTROLEUM, NAPETHA.—The changes ef-
fected in vegetable matter during its conversion into coal
also give rise to various bituminous productions.

Mineral oil is an inflammable fluid which often occurs in carboniferous
deposits, sometimes forming powerful springs. Naphtha is another liquid
of this nature, which is nearly colourless and transparent, burns with a
blue flame, emits a strong odour, and leaves no residuum. In driving a
level through coal-shale in Derbyshire, springs of naphtha burst forth, and
covered the surface of the water in the level ; and, having been accident-

* Sir H. De la Beche, Geological Manual, 3d edit.
1 An interesting Report, on the Produce and Value of Wood-gases, is
published in the Franklin Institute Journal, No. 380, Aug. 1857, p. 126.
1 De la Beche’s Geol. Observ. p. 409 ; Tate’s Fossil Flora of the
Eastern Borders, p. 316. See also Report of Lyell and Faraday, on the
Explosion at the Haswell Collieries, 8vo, 1844 ; with Vertical Section of
the Hagwell Colliery, Durham: also other Parfamentary Reports on

" tplosions in Collieries, by De 1a Bedhe and olvere.
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ally set on fire by the approach of a candle, formed a burning spring,
which continued some weeks.

Petroleum is of a dark colour, and thicker than common tar; in the
carboniferous strata of Coalbrook Dale, and in some parts of Asia, this
substance rises from coal-beds in immense quantities. From a careful
analysis of petroleum and certain turpentine-oils, it is clear that their
principal component parts are identical ; and it therefore appears probable
that petroleum has originated from the coniferous trees whose remains
have contributed so largely to the formation of coal; and that the mi-
neral-oil is nothing more than the turpentine-oil of the pines of former
ages,—not only the wood, but also large accumulations of the needle-like
leaves of the pines, may have contributed to this process. We thus have
the satisfaction of obtaining, after the lapse of thousands of years, in-
formation as to the more intimate composition of those ancient forests of
the period of the great coal-formation, whose comparison with the pre-
sent vegetation of our globe is a subject of so much interest. The mi-
peral oil may be ranked with amber, succinite, and other similar bodies
which occur in the strata., The springs of petroleum do not seem to de-
pend on combustion, as has been supposed, but to be simply the effect of
subterranean heat. According to the information we now possess, it is
not necessary that strata should be at a very great depth beneath the
surface to acquire a temperature equal to the boiling point of water or
of mineral oil. In such a position the oil must have suffered a slow dis-
tillation, and have found its way to the surface ; or have so impregnated
a portion of the earth, as to form springs or wells, as in various parts of
Persia and India.®

Bitumen is an inspissated mineral oil, of a dark-brown colour, with a
strong odour of tar. In the Odin mine of Derbyshire, elastic bitumer oc-
curs, being of the consistence .of thick jelly, and bearing some resem-
blance to soft India-rubber ; as it will remove the traces of a pencil, it
has heen named “ mineral caoutchouc.’” Some bitumens possess the co-
lour and transparency of amber : the soft varieties may be rendered solid
by heat.

From these bituminous snbstances, we pass by an easy transition to
Amber, T of which we have already spoken (p. 245); for *black amber,’

¢ Dr. Reichenbach. The bituminous produets of the border-countries
of Turkey and Persia are described by Mr. Loftus, in the Geol. Soc.
Journ. vol. xii. p. 269.

+ In Liebig’s opinion, amber, fossil resin, and mellite are the products
of vegetable matter that has suffered eremacausis or decay. They uxe
foand in wood or brown-coal, and have evidently proceeded from the A~

342
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both in its appearance and composition, closely resembles the solid bis

tumens.

A mineral called Mellite, or honey-stone, from its colour, is founa._
among the bituminous wood of Thuringia, and in its chemical con=—

position, and electrical properties, bears a great analogy to amber; it
usually crystallized in small octahedrons.*

28. Tur DiaMonNp.—The chewical constituents of tkn¢

substances above described are chiefly carbon and hydroge:n,
with a small proportion of oxygen, the essential elements of
vegetable matter. But the Diamond is pure carbon; at a

heat less than the melting point of silver, it burns, and is
volatilized, yielding the same elementary products as char-
coal. i

Sir Isaac Newton remarked, that the refractive power, that is, the pro-
perty of bending the rays of light, was three times greater in respect of
their densities in amber and in the diamond than in other bodies; and
he therefore concluded that the diamond was some unctuous substance
that had crystallized.

Sir David Brewster observed, that the globules of air (or some fluid
of low refractive power) occasionally seen in diamonds have communi-
cated, by expansion, a polarizing structure to the parts in immediate
contact with the air-bubble, a phenomenon which also occurs in amber.
This is displayed in four sectors of polarized light encircling the globule
of air; a similar structure can be produced artificially, either in glass or
gelatinous masses, by a compressing force propagated circularly from 8
point. This cannot have been the result of crystallization, but must
have arisen from the expansion exerted by the included air on the amber
and the diamond, when they were in so soft a state as to be susceptible
of compression from a very small force; hence Sir David Brewster con-
cludes that, like amber, the diamond has originated from the consolids-

—

composition of substances which were contained in quite a different form
in the living plants, They are all distinguished by their proportionably
small quantity of hydrogen. The acid from mellite (mellitic acid) con-
tains precisely the same proportions of carbon and oxygen as that from
amber (succinic acid) ; they differ only in the proportion of their hydso-
gen. Succinic acid may be obtained by oxidation from wax and from
all solid fats.—Liebig’s Chemistry, vol. i. p. 336.
¢ Organic Remains of a Former World, vol. i. pl. i. fig. 2.
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tion of vegetable matter, which has gradually acquired a crystalline form
by the slow action of corpuscular forces.®

Liebig concurs in the opinion that the diamond is of vegetable origin,
and offers the following remarks on its probable mode of formation.

“ If we suppose decay to proceed in a liquid containing carbon and
hydrogen, then a compound with still more carbon must result, in a
manner similar to the production of the crystalline colourless naphthalin
from a gaseous compound of carbon and hydrogen. And, if the com-
pound thus formed were itself to undergo further decay, the final result
must be the separation of carbon in a crystalline form. Science can
point to no process capable of accounting for the origin and formation of
diamonds, except that of decay. Diamonds cannot have been produced
by the action of fire; for a high temperature and the presence of oxygen
gas would call into play their combustibility. But there is the greatest
reason to believe that they have been formed in the humid way ; and the
process of decay is the only cause to which their formation can with pro-
bability be ascribed.”

By voltaic action the diamond has been converted into a substance
possessing the appearance, physical character, and electrical properties of
coke. In this state the diamond loses its insulating power, and becomes
lighter : the specific gravity of an ordinary diamond is 3.368; when
changed into coke, 2.679.1

The diamond in a pure state is colourless and transparent; when
coloured, it contains foreign matter, as metallic oxides, &c. A blue dia-
mond (the property of Mr. H. T. Hope), weighing 177 carats, is a splen-
did and unique specimen of this precious gem. There are pink, orange,
yellow, and dark-brown diamonds. The largest-known diamond be-
longs to the Rajah of Mattan; it is of the purest water, and weighs 367
carats, or (at the rate of four grains to a carat) three ounces troy weight :
it is egg-shaped. The Mogul Diamond,§ called the Koh-i-noor, or
‘“mountain of light,” weighed when first found 793 carats; when ex-
hibited at the Crystal Palace (1851) it weighed 186 carats; it was re-
cut in 1852, and now weighs 102.

The matrix of the diamonds found in Central and Southern India is a
wide-spread conglomerate, overlying the sand-stones, limestones, and
gnefss-rocks of the country.

® Geol. Trans. 2nd ser. vol. iii. p. 459. + Liebig’s Chemistry, vol.
i. p. 336. 1 Experiments of M. Jacquelin and Prof. Faraday.
§ See Prof. Tennant’s interesting observations on this great diamoud,
- and the probable history of its division into three portions, one of wWwdh
(the Koh-i-noor) is now at Windsor Castle ; Transactions of tne Sotiety
of Arts, 1852, p. 336,
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29. ANTHRACITE, PLUMBAGO, &c.—The coal commonly
used for domestic purposes in this country is the bitumin-
ous, of which there are many varieties, such as cherry-coal
caking-coal, splint-coal, and cannel-coal.* The Anthracitet
culm, or stone-coal, is coal usually deprived of its bitumen by
the causes already explained; anthracitic bands, howerer,
occasionally are intercalated with seams of bituminous coal
‘When coal is near to trap or basalt, it is often in the state
of anthracite; while the layers in immediate contact with
the volcanic rocks are charred, and in some instances coked;
or the mass is converted into plumbago, or graphite, the sub-
stance used for drawing-pencils. By a series of interesting
experiments, Dr. Macculloch} demonstrated the transitionsl
changes from bitumen to plumbago. Hydrogen predomin-
ates in the fluid bitumen; bitumen and carbon in coal; in
anthracite, bitumen is altogether wanting ; and in plumbago,
the hydrogen has also disappeared, and carbon only or chiefly
remains.

In North America, from the prevalence of anthracite in
the carboniferous deposits, this substance is in nearly uni-
versal use; but in England it is seldom employed except in
Arnott-stoves and the furnaces of our manufactories.§ This
kind of coal is, however, largely developed in many districts;
and the anthracite of South Wales extends from the Vale of
Neath, on the east, to St. Bride’s Bay on the west. Some of
this coal is in the state of charcoal, and requires a degree of
heat of 531° Fahrenheit, for its ignition ; but, when ignited,
it burns with a bright flame, and is the most durable of fuel

80. PETRIFACTION OF VEGETABLES. — A8 in the sand-

® See Parliamentary Reports on the coals suited for the steam-navy.

+ From the Greek avfpat, signifying coal or charcoal.

1 Transact. Geol. Soc. vol. ii. p. 1.

§ The anthracite of the Alleghanies is of very slow combustion; but
this is overcome by freely supplying oxygen by means of a blower, even
in the fire-places of private dwellings: and the drying effect on the air ¢
the apartments is counteracted by the evaporation of water.
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stones and other strata the stems of trees and plants are
often found not in the state of coal, but converted into stone
—in some instances calcareous, in others silicious, I shall in
this place offer a few remarks in illustration of the process
by which such a change has been effected.

In true petrifactions a transmutation of the parts of an organized body
into mineral matter takes place. Patrin, Brongniart, and other philoso-
phers suppose that petrifaction has frequently been effected suddenly, by
the combination of gaseous fluids with the constituent principles of or-
ganic structure. It appears, indeed, certain, that the conversion of
animal and vegetable substances into silex must, in many instances, have
been almost instantaneous ; for the most delicate parts, those which would -
undergo decomposition with the greatest rapidity, are preserved. The
occurrence in the Oolite, at Tisbury, of Trigonias, having their delicate
branchi® and other portions of the body preserved in their natural posi-
tion by silicification (p. 527), illustrates these remarks. So also does the
preservation of a zoophyte in agate, as described and figured by Mr. Bow-
erbank.® The fact of the silicification of trees in loose sand, and of the
soft bodies of molluscs in their shells, as in the fossil oysters found in the
chalk at Brighton,+ while neither the sand nor the shells are impregnated
with silex, cannot be explained by the infiltration of a silicious fluid into
cavities left by the decomposition and removal of the animal substance.t
Von Buch has shown that the silicifying process never immediately at-
tacks the calcareous shell, but developes itself only upon the organic
matter, and that, where this substance is not present, no silicification
takes place. A combination of gaseous fluids with the constituent prin-
ciples of the animal or vegetable substances, changing the latter into
stone without modifying the arrangement of the molecules so as to alter

® Journ. Geol. Soc. vol. v. p. 319. See also sbid. p. Ixxviii., Anniver-
sary Address by Sir H. De la Beche, for some remarks on this interesting
fossil, and on silicification generally.

+ Medals of Creation, p. 374.

1 It still remains for some patient investigator to elucidate the as yet
mysterious relations of carbon and silicon, and to recover the broken clue
to this research left by the untimely death of Dr. Samuel Brown, of
Edinburgh. His early experiments on the transmutation of these two
substances appear to have been followed in later years by more certain
results, which, however, this lamented chemist had not published at the
time of his death. See the deeply interesting article on Dr.S. Brown
and Prof. E, Forbes, in the North British Review, February, \831.
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the external form, seems the only mode by which such transmutations
can have been effected. The production of congelation, by & simple
abstraction of caloric, is akin to this change ; but petrifaction is induced
by the introduction of another principle. As to density, the most subtle
gas may acquire the greatest solidity ; as, for example, in the union of
oxygen with metallic substances.

The following remarks, selected from Mr. C. Stokes’s ob-
servations* on fossil wood and plants, throw light on this
subject. The specimen which gave rise to these remarks
was a piece of beech-wood, partly petrified by carbonate of
lime, from a Roman aqueduct in Germany. In this wood
were several insulated portions converted into carbonate of
lime, while the remainder was unchanged.

Sometimes the most minute structure is preserved, as in the vessels of
palms and coniferee, which are as distinct in the fossil as in the recent
trees. From this state of perfection, we have every degree of change, to
the last stage of decay: the condition of the wood, therefore, had no in-
fluence on the process. The hardest wood, and the most tender and
succulent, as, for instance, the young leaves of the palm, are alike silici-
fied. In some instances, the cellular tissue has been petrified, and the
vessels have disappeared ; here silicification must have taken place soon
after the wood was exposed to the action of moisture, because the cellu-
lar structure would soon decay; the process was then suspended, and
the vessels decomposed. In other examples, the vessels alone remain; a
proof that petrifaction did not commence until the cellular tissue was de-
stroyed. The specimens where both cells and vessels are silicified show
that the process began at an early period, and continued until the whole
vegetable structure was transmuted into stone.

In a morass near Ferry-bridge, in Yorkshire, a similar partial petrifac-
tion of the stems and branches of trees has taken place.t

The late Dr. Turner, in some admirable comments on the subject of
petrifaction, remarked, that, whenever the decomposition of an organic
body has begun, the elements into which it is resolved are in a condition
peculiarly favourable to their entering into new combinations; and that,
if water, charged with mineral matter, come in contact with bodies in this
state, 8 mutual action takes place, new combinations result, and solid

® Transactions of the Geological Society, Wnd ser. vol. v. 3. 212,
4 Described by Mr. Stokes, op. cit. . T\,
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particles are precipitated, so as to occupy the place left vacant by the
decomposed organic substance.

81. ARTIFICIAL VEGETABLE PETRIFACTIONS.—Prof. Gop-
pert has published the result of an interesting investigation
of the condition of fossil plants, and the process of petrifac~
tion. Layers of ironstone-nodules, as we have previously
stated, are common in the carboniferous strata. They appear
to have once constituted continuvus layers, the modules
having been produced by segregation, . e. the substance of
which they are composed has separated from the constituent
parts of the rock after deposition.* The first segregation
often appears to have been caused by the presence of some
extraneous matter, sometimes a trilobite or a shell, and very
commonly the leaf of a fern.t Parkinson had remarked,
that the leaves in these nodules might sometimes be separ-
ated in the form of a carbonaceous film ; and Géppert, hav.
ing found similar examples, was induced to undertake a set
of experiments. He placed fern-leaves in clay, dried them
in the shade, exposed them to & red heat, and obtained
striking resemblances to the fossil plants. According tothe
degree of heat, the plant was found to be either brown,
shining black, or entirely lost, the impression ouly remain-
ing; but in the latter case the surrounding clay was stained
black, thus indicating that the colour of the coal-shales is
from the carbon derived from the plants they include. Plants
soaked in a solution of sulphate of iron were dried and
heated until every trace of organic matter had disappeared,
and the oxide was found to present the form of the plant.
In a slice of pine-tree the pitted fibres peculiar to this family
of vegetables were perceptible. These results by heat are
probably produced naturally, by the action of moisture un-
der great pressure, and the influence of a high temperature.}

* 8ir H. De Ia Beche, Researches in Theoretical Geology, p. 96.

+ Medals of Creation, p. 69 and p. 522.
1 Quart. Juurn, Geol. Soc, vol, vi. part 2, Miscell. p. 3.
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32. SILICIFICATION OR PETRIFACTION OF VEGETABLE
BY S1LEx.—The various forms in which silex is found haw
been probably dependent on its state of solution; in tk
case of quartz-crystals it was entirely dissolved; in agat
and chalcedony it is supposed to have been in a gelatinow
state, assuming a spheroidal or orbicular disposition, accord-
ing to the motion given to its molecules. Its condition ap-
pears also to have been modified by the influence of organic
matter. In some polished slices of flints from Bognor, the
transition from flint to agate, chalcedony, and crystallized
quartz is beautifully exhibited. The curious fact, that the
echinites in the chalk are almost invariably filled with flint,*
while the shelly covering is converted into calcareous spar,
is, perhaps, attributable to the animal matter having under-
gone silicification ;1 for the most organized parts are those
which appear to have been most susceptible of silicious
petrifaction. Allusion has been already made to the con-
version of an oyster into flint, while the shell is, as usual,
carbonate of lime. The shells of mollusca, the plated cover-
ings of echinoderms, and the guards of the belemnites are
less commonly silicified, possibly from the large proportion
of calcareous earth which enters into their composition;
they are more frequently changed into calc-spar, probably
from water charged with carbonic-acid gas having insensibly
effected the crystallization of their molecules.t

Some specimens of silicified wood, collected from the in-
terior of Australia, by the late Sir T. Mitchell, and now in
the British Museum, are entirely permeated by silex; but
on the external surface of these stems, there are some circu-

* In one instance, the shell of an echinite from the chalk is transmuted
into crystallized carbonate of lime, while the lower portion of the cavity
is occupied by flint, on which is a layer of crystals of calcareous spar.

+ Mr. Bowerbank thinks that the cavities of the echinoderms wer
filled, after death, by sponge, which latter took on the silicification.

1 See an interesting Essay on this subject, by M. Alexandre Brong
niart, * Essai sur les Orbicules Silicieux, &c.”” Paris, 1831.
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little altered that it was necessary to take them in the hand
to be convinced of their fossil state; and the wood was
found passing from that condition into charcoal which
would burn freely ; while other portions were so completely
silicified as to scratch glass.* In fact, the permeation of
vegetable tissues by aqueous solutions of silex at a high
temperature appears to be one of the necessary conditions
under which silicification takes place.

33. FossiL PraxTts oF THE Coarn.t—I proceed to the
examination of the flora of the Carboniferous era. The lay-
ers of pure coal, as we have already stated, are wholly com-
posed of carbonized vegetables ; and, when we consider that
these beds are from ten to thirty feet and even nearly fifty
in thickness,} it would seem difficult to account for such an
immense accumulation of wood, and plants, and foliage as
would be required to produce so enormous an amount of
carbon, without any intermixture of earthy detritus, had we
not such illustrative examples of analogous modern carbo-
naceous deposits, as those brought forward by Sir C. Lyell,
and previously alluded to. The shales above the coal are
highly charged with carbonaceous matter, and contain a
profusion of leaves and stems. The vegetable remains are
always in a carbonized state; but the leaves sometimes
possess such a degree of tenacity and elasticity as to be
separable from the stone. The leaves and seed-vessels
which oceur in the iron-stone-nodules have, in many -
stances, undergone a metallic impregnation, as is often the
case in specimens from Coalbrook Dale. - Brilliant sulphide

* Voyage of Discovery in the Southermn and Antarctic Regions, in
1839-43.
1 Plates L. to XXX. of the Pictorial Atlas of Organic Remains (from
Artis and Parkinson) are devoted to Fossil Plants.
1 Besides the instances of thick coal-seams mentioned at p. 683, we
may add that at Wilkesbarre in Pennsylvania an anthracite, 30 feet thick,
is worked ; and near Cracow in Poland there n & corlbed between 40

c=d x4 £.0s thick,
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numerous species are undescribed, and new forms are ¢
tinually being discovered.

The British species exceed 200;* I will presently pl
before you a few of the predominant forms, which will se
to convey a general idea of the nature of the Carbonifer:
Flora; for the greater number of the plants that are fou
in the British eoal-mines also occur in Europe and No
America,—even in the Arctic regions.

The following tabular outline of thé characteristic families and gen
classification of existing vegetables + will be useful to the student, w
referring the fossil plants to their modern representatives.

Thalogens; or Cellular Cryptogams. Diatomaces, Des
diacee, Confervee, Seaweeds, Chare, Mould, Mushroo
Lichens, &c.

Acrogens; or Vascular Cryptogams. Liverworts, Horseta
Mosses, Club-mosses, Pepperworts, Ferns, &ec.

Endogens. Grasses, Palms, Orchi
Rushes, Lilies, &c.

Gymnogens ; or Gymnospermous Dicoty
dons. Cycadaces and Conifere.

Exogens; or Angiospermous Dicotyledo
Most of the European flowering he
and trees (except the Conifers, —fi
yews, &c.).

That we may have a general view of the Carboniferous Flors,
following synoptical résumé of the specific determinations of the ct
plants, by Geeppert and Geinitz, is given. These results are founded
a close study of the plants of the Upper and Lower Coal of Saxony, c¢
pared with those of the coal-measures of Silesia and other parts of
Continent, and of Britain; and necessarily afford valuable statistics of
vegetation of the Coal-period, although other pal@ontologists may

Acotyledonous
or
Cryptogamic.

Monocotyledonous. {

Phanerogamic.

Dicotyledonous, 1

grand divisions of the vegetable kingdom, namely, “les Cryptogan
acrogénes ou vasculaires, et les Phanérogames dicotyledones gym
spermes.”’ See also Lyell’s “ Manual of Geology,” 5th edit. p. 373.

# See Morris’s “ Catalogue of British Fossils,”” 1854 ; and Phillip
“ Manual of Geology,” p. 226.

+ See “Manual of Natural History” (Van Voorst), for a detail
classification. For structure, see Carpenter’s Microscope, chapters 6,
and 8,
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xlined to disagree in many points with the results at which these
minent German geologists have arrived.
« Acotyledones.
L. Funer.
Depazites, Excipulites, Gyromyces (one species of each).
2. EQuISETACEE.
Equisetites (2 species), Calamites (6 spec.).
3. ASTEROPHYLLITAE.
Asterophyllites (6 spec.), Annularia (3 spec.), Sphenophyllum

(6 spec.).
4 Fiuices. .

6. Sphenopteridec. b. Neuropteridee.
Sphenopteris (18 spec.). Odontopteris (3 spec.).
Hymenophyllites (7). Neuropteris (5).
Schizopteris (4). Cyclopteris (3).

Dictyopteris (2).
¢. Pecopteridece. d. Protopteridee.
Cyatheites (10). Caulopteris (3).
Alethopteris (10). Paleopteris (1).
Oligocarpia (1). Psaronius (1).

Megaphytum (1).
5. Lycoropiace=.

Lycopodites (5). Aspidaria (4).
Selaginites (1). Halonia (3).
Lepidodendron (2). Knorria (3).
Sagenaria (5). Cardiocarpon (4).
Lepidophyllum (1).

 Dicotyledones.

6. NEGGERATHIEE. 9. CONIFERE.
Cordaites (2). : Pinites.
Neeggerathia (4). . 10. SiciLLaRIZE.T
Rhabdocarpos (4). Sigillaria (13).

1. Crcaprx. 11. StiGMARLE.

N Trigonocarpon® (3). Stigmaria.}

@

Carpolithes (3).

* Dr. Hooker refers the fruits thus named to Conifere.

t Closely related to the Lepidodendron, according to Dr. Hooker.

3 Geppert and Geinitz regard the Stigmaria ficoides as an independent
&t; and consider others of the so-called Stigmarige to be the roots of
Yenarie,
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84. EquisETacEous PranTs. — The stems of several
gigantic plants (Calamites) allied to the Equisetum fluviatile,
or Horse-tail of our marsh-lands, are very abundant in the
coal-measures. 'While the recent species seldom exceed two
feet in height, and half an inch or an inch in diameter, the
fossil stems often attain twenty or thirty feet in height, and

LIGN. 163.—CALAMITES FROM THE COAL-FORMATION.

Fig. 1. Portion of a stem, with half of a whorl of leaves or bracts. (Half nat. sise.)
—~— 2. Portion of stem with roots. (Half nat. size.}
— 3. Terminal portion of a stem [drawn upside down]. (One-fifth nat. size.)

fourteen inches in diameter. The Equisetites columnaris
is a common species of this kind of plant in the Lower Oolite
of Yorkshire; and both the Calamite and the Equisetite are
occasionally found in an erect position in the strata.*

* See Dawson’s remarks on Upright Calamites at Pictou, Journ. Geol.

Soc. vol. vii. p. 194, and vol. x, pp. 21 and 35; also T.T. Wilkinson's

notice of Upright Calamites, accompanying a considerable number of

foasil upright and rooted trees st Burnley; Leme. wd Chesh. Hist. Soc.
ix, p. 101.
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tion in the strata, are quite flat from the pressure of the
superincumbent deposits.

LIGXN. 170.—B1GILLARIA SBAULII, A PORTION OF A FLATTENED STEM,
FROM THE COAL-MEASURES.

«. Bxternal surface marked by the scars of the petioles.
5. The inner surface exposed by the removal of the bark.

The stems vary from a few inches to three feet in cir-
cumference, and specimens have been discovered that in-
dicate a length of sixty feet. They often escape compres-
sion, and stand perpendicularly, intersecting the horizontal
strata, and having roots proceeding from the base. They
are generally surrounded by an envelope, an inch in thick-
ness, of fine, crystalline, bituminous coal. The longitudinal
plaitings, which are the characteristic marks of the Sigil-
larie, are commonly indistinet at the base. A specimen
figured in the beautiful and highly interesting work of Lind-
ley and Hutton * was ten feet high, and two feet in diameter
at the base (ZLign. 171). Its roots were in shale, imme-
diately above the main bed of coal, and the trunk extended

‘eral strata of shale and sandstone.

- ¢ The Fossil Flora of Great Britam.®
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species are erect ; * the tropical forms, which are the large:
do not exceed three feet in height. But notwithstanding th

— N
7
]
l <
LIGN. 177.—Fig. 1. —TERMINAL PORTION OF A BRANCH OF LEPIDODENDRON. Coal-sh

Newcastle.
Fig. 2.—8cars of petioles (nat. size).

disparity in size, M. Brongniart has shown that the Lepi
dendra must be regarded as gigantic plants closely allied
this family. They may be regarded, in fact, as arborese
Lycopodiace®, comparable in size to the largest pines; !
they formed extensive forests during the carbonifer

* Such as Lycopodium densum ; Tlooker, Mem. Geol. 8urv, vol. ii.
2, p. 423
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period, beneath whose shade flourished the lesser ferns and
associated plants.

The fruit of the living Club-mosses is an oval or cy-
lindrical cone, which in some species forms an imbricated
spike at the extremity of the branches; and there are
numerous fossil fruits of this kind found together with the
stems and leaves of the Lepidodendra, and in some instances
attached to the branches; they have received the name of
Lepidostrobi, or scaly-cones.*

Besides being preéminently a
coal-plant, the Lepidodendron is
found in the Devonian strata of the
United States, of Caithness, and '

Thuringia ; and in the Mountain-
limestone of Northumberland.t
It occurs also in strata of Carbo-
niferous or Devonian age, both in ¢
Australia and South Africa.

Long narrow branches, covered
with numerous small leaves or Lo, 178 don of
bracts, occur in the coal-meASUTeS, portion of the stem of a rovent
which are regarded as being fossil Fine (Finus sirebus, highly mag-
forms of club-mosses, and are term- s, 3, Portions of concentric an-
ed Lycopodites. Similar plant-re- nusliayers.
mains have been found in the Tertiary and Oolitic strata,
and some of these have been correctly referred to the Co-
niferse. Indeed, the Dacrydium cupressinum of New Zealand,

_ with its long pendant lycopodial branches and regularly scar-
red stem,and other similar conifers, should remind us that the

* Pict. Atlas, pl.ix. f. 1, and pl. xxxiii. ; and Medals of Creation, Lign.
40. The structure aud affinities of the Lepidostrobi are well worked
out and illustrated by Dr. Hooker, in the Mem. Geol. Surv. vol. ii., where
Lepidodendron, Sigillariee, and Calamites, &c., are also made the subjects
of elucidation.

+ Tate, Fossil Flora of the Mountain Limestone, p. 231.
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external form of one family of plants is imitated by another
Tt is from the fructification that the most decided character:
of plants can alone be drawn.

89. CARBONIFEROUS TREES AND PranTs. *—It was form-
erly supposed that no vestiges of coniferous plants and trees,
which occur so abundantly in the secondary formations, were
present in the coal ; but Mr. Witham, by microscopical ex-
amination, ascertained that trees of this type constituted no
inconsiderable portion of the flora of the carboniferous epoch;
and remains of this order have since been detected in the
Devonian and every formation of later origin. The recent
conifers are arborescent, dividing into numerous branches,
which are disposed in most genera with considerable regu:
larity. The transverse sections of the wood exhibit con-
centric annual lines of growth (as in Zign. 178), and the
vertical show the sides of the woody fibres studded witt
little pores or spots (ZLign. 179).

Some of the fossil trees resemble
the European pines in their in-
ternal structure : but the greafer
number belong to the Araucarian
type, which is characterized by the
rows of spots being disposed, whet
double, not side by side, as in Ligs
179, but alternately, as we hav

Liox. 179—Tongitudinal section of previously explained (p- 713).¢

Ty showing. the rowe ot spow  'The cogifergus trees 11) of thg cos

or pores. have but fewand slightappearance
of the lines by which the annual layers are separated, and re
semble in this respect the existing species of tropical regions

* Medals, p. 164, &c.

+ In the Royal Gardens at Kew, there are several flourishing trees ¢
the A. ezcelsa, and other kinds of Araucarie.

1 Witham, op. cit.; and Quekett, Catalog. Fuss. Veget. Hunteri®
Museum, pp. 27 and 28.
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we may therefore infer that the seasons of the countries
where the coal-plants flourished were subject to but little
diversity, and that the changes of temperature were not
abrupt.

In a quarry at Craigleith, near Edinburgh, at a depth of
140 feet, part of the trunk of a very large coniferous tree
was discovered: its length was thirty-six feet,and the circura.
ference of the base nine feet. Polished sections of this stem
beautifully display the coniferous structure. A tree fifty-
nine feet long, traversing twelve beds of sandstone, has since
been exposed ; and, as is coramonly the case, the bark was car-
bonized, and the woody stem was in some parts in the state
of sandstone, and in others silicified.

Numerous seed-vessels have been found in the coal-measures, and are
known as Cardiocarpon, Rhabdocarpos, Carpolites, and Tysgonocarpon.
The relations of these fruits are mostly very obscure.* The Trigonocarpa
have been referred by some to palms, and by others to Cyeads; but Dr.
Hooker has shown 1 that, although certainly having characters of struc-
ture as closely related to the Cycads as to the Conifers, yet it is to the
latter that the weight of the evidence tends to refer them; and he
especially points to the peculiar coniferous genus Salisburia (a native
of China), as presenting a fructification similar to that found in Trigono-
carpon. Dr. Hooker mentions also that, as Dr. Lindley has pointed out,
the foliage of Salisburia also affords a modern analogy, for the fossil
leaves called Nceggerathia, which, with some Trigonocarpon-like bodies,
M. Brongniart has referred to the Cycadaces,

Dr. Hooker has described a fragment of cycadeous wood from the
Durham coal-field ; 1 and in 1844, M. Geeppert had recognised in the car-
boniferous rocks of Europe four species of fossil plants which he con-
sidered referable to the Cycadacee.§

No well-authenticated remains of palms occur in the coal-
strata.

® Piedler; Foss. Friicht, &c. 1857. + Proc. Roy. Soc. vol. vii. p. 28.

1 Mem. Geol. Survey, vol. ii. part 2, p. 421.

§ Annals Nat. Hist. vol. xv. p. 442. For figures and descriptions of
recent and fossil cycadeous plants, see Buckland’s Bridg, Trest. p. 494,
and Medals, p. 150

X
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groups of extensive islands enjoying a subtropical climate,® In the
paucity of the gramineze or grasses, which form so large a proportion of
the existing floras, and the predominance of ferns, the vegetation of the
coal-measures approached in some respects that of New Zealand, in
which the cellulosee form one-third of the whole, while the grasses are
very few in number,t .

From the researches of Elie de Beaumont } and Godwin-Austen,§ who
have constructed approximative charts of the carboniferous area of Westemn
Europe, we know that the coal-measures and the mountain-limestone were
deposited for the most part amongstan extensive archipelago, of which some
districts of Scandinavia, Scotland, Ireland, Wales, Cornwall, France, and
Northern Italy formed parts.|| Considerable, but isolated, areas of coal-
deposits were formed in lakes on the table-land of what is now Central
France ; and, according to Mr. Godwin-Austen, equally extensive lake-
systems gave origin to the old-red sandstones and conglomerates § of
Scotland and Ireland, and probably of that of South Wales also

41. ATMOSPHERIC CONDITIONS DURING THE CARBONIFER-
0US EPOCH. — It appears remarkable that amidst the lux-
uriant vegetation which prevailed on the dry lands during

* See chap. vii. of Lyell’s * Principles of Geology,” for the full con-
sideration of probable climatal conditions with given proportions of land
and sea.

+ See Medals of Creation, vol. i. p. 210; and Lyell’s * Principles”
p- 87. 1 See Beudant’s Géologte,

§ See Quart. Journ. Geol. Soc. vol. xii. pl. i

[I A very important feature of this old archipelago was a narrow tract
of land, or of shoals, reaching from the Franco-Belgian frontier 0
Somersetshire and the south of Ireland ; now recognised chiefly in the
Ardennes, on the east, and the Mendips on the west, and by the presence
of the elevated and denuded valley of the Weald, and by other geo
logical features along its line. As the coal-measures and the coal
bearing mountain-limestone lie against the flanks of this old transversé
ridge, and as it is not covered up by the whole series of the secondsry
strata, but only by the crétaceous and tertiary series, it is considered
probable that coal-beds might be found at much less than 2000 feet bé-
low the surface in the neighbourhood of London ; especially as coal s
already been met with in a deep boring at Calais, on the same line of old
rocks. At Harwich, a deep boring has reached this subterranean ridge 8
about 1000 feet in depth; but it is there composed apparently of rocks
older than those of the coal-series.

7 Quart. Journ. Geol. Soc. vol. xii. . B, &e.
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unmixed with other materials —these immense beds of veget—
ables, from which animal remains are often almost wholly==
excluded ;—and whether accumulations of trees and plants_
which in after-ages shall present phenomena of a like nature_—
are in progress at the present time ?

The marner in which the carbomiferous strata have been depositedill
kas been a fruitful soarce of discussion among geologists. Some have=
eontended that the coal-measures were origimally peat-bogs, and that the=
successive layers were occasioned by repeated subsidences of the land =
—others, that the vegetable matter originated from rafts, or masses o £
drifted forest-trees, like those of the Mississippi,® which floated out to
sea, and there became ingulfed ;-—others suppose that they were formed
in inland seas or lakes, the materials of the successive beds being brought
down by periodical land-floods : and the supporters of each hypothesis
adduce numerous facts in corroboration of their respective opinions.
There can be no doubt that coal may be, and has been, formed under each
of these conditions; and that at different periods, and in different lo-
calities, all these causes have been in operation; in some instances
singly, and in others in combination. An interesting example of the
latter conditions is described by Prof. Dawson, in the Canadian Na-
turalist (October, 1857), as occurring at Pictou, where some portions of
the coal-measures present appearances suggestive of “ the idea of patches
of grey sand rising from a bottom of red mud, with clumps of growing
Calamites, which arrested quantities of drift-plants, consisting prin-
cipally of Sternbergia and fragments of much-decayed wood and bark,
now in the state of coaly matter too much penetrated by iron-pyrites to
show its structure distinctly. We thus probably have the fresh-growing
Calamites, entombed along with the debris of the old decaying Conifers
of some neighbouring shore ; furnishing an illustration of the truth, that
the most ephemeral and perishable forms may be fossilized and preserved
contemporaneously with the decay of the most durable tissue. The
Rush of a single summer may be preserved with its minutest striee un-
harmed, when the giant Pine of centuries has crumbled into moald. It
is #o now, and it was so equally in the Carboniferous period.’’

That some of the isolated basins of coal may be carbonized peat-bogs
is not improbable, considering that peat often occurs in beds including
trevs in an erect position, and extending over extensive tracts of country ;

® On this river and its branches accumulations of timber, forming rafts
dU miles long, are said to have occurred.—Lyells* Principlea® .21,
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of regular alternations of coal with beds composed of such
earthy materials as render it probable they were once caps-
ble of supporting a luxuriant vegetation.

And the fact that the roots (Stigmarie) of the forest-trees
(Sigillarie) of the carboniferous period are generally pre-
sent, and for the most part in their natural position, in the
underclay beneath each bed of pure coal, proves that thos
trees grew on the areas now occupied by their carbonized
remains. 'Without, however, having recourse to the hypo-
thesis of alternate subsidence and elevation of the land, may
we not suppose that there were extensive inland aress?®
depressed, like the basin of the Caspian, many hundred feet
below the level of the sea, affording the shelter, warmth, and
moisture required by a subtropical flora, and subjected o

* The most remarkable known instance of an area of land depressed
far below the sea-level is that mentioned by Humboldt (Cosmos). In
descending eastward from Jerusalem to the Dead Sea and the Valley of
Jordan, a view is enjoyed which, according to our present hypsometric
knowledge of the earth’s surface, has no parallel in any other region.
The rocks on which the traveller treads, with the open sky over his head,
are 1312 feet below the level of the Mediterranean, Though from
the revolutions which have swept over the earth’s surface, and the
displacements and mutations which its crust has undergone since the
carboniferous period, there is but little probability that any of the
coal-fields are now in the same position in relation to the sea-level asat
the period of their formation, I would, nevertheless, direct attention to
the following statements and remarks of the illustrious philosopher just
cited:—The depth of the Coal-basin at Liege is estimated by Von Dechen
at 3809 feet below the surface, and 3464 feet beneath the level of the
sea; and that of Mons, at® 5329 : while the lowermost coal-strata of the
Saar-Rivier (Saarbriick) are computed by the same eminent observer (0
descend to a depth of 21,358 feet below the sea-level, or 3.6 geographicsl
miles. This is a depth below the sea equal to that of Chimborazo above
it ; and the temperature would be 467° of Fahrenheit if the increase be
in the supposed ratio of 1° for every 54 feet of vertical depth. We have,
therefore, from the highest summits of the Himalayahs to the lowest por~
tions of the basins which contain the fossil flora of the carboniferon?
epoch, a vertical distance of about 48,000 feet, or ;§sth of the earth”
semi-diameter.
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The Corals* amount to very many species, chiefly belong:
ing to the genera Alveolites, Amplezus, Aulopora, Chatiles,
Clisiophyllum, Cyathophyllum, Lithodendron, Lithostrotion,
Michelinia, Nematophyllum, Syringopora, and Zaphrentis.

Of Bryozoa, Fenestella is the most common genus in this
formation. The mountain-limestone swarms with Crino-
dea; and entire beds are made up of their petrified re-
mains, as was explained in the former Lecture (see p. 660).
Elegant and abundant species of Actinocrinus, Cyathocrinus,
Platycrinus, Poteriocrinus, and Rhodocrinus combine 0
characterize the carboniferous limestones and shales; but
several of rarer occurrence are also found.

A singular type of Crinoideans, named Pentremitest
(Lign. 181, fig. 7), also abounds in the mountain-limestone,
both in England and America} (see p. 666).

Other echinoderms of a peculiar character (Archeocidaris
and Palechinus) are not unfrequent in the carboniferous
limestone of Ireland and Yorkshire.

45. SHELLS oF THE CARBONIFEROUS SYSTEM. — The
remains of nearly 800 species of the various tribes of mol
lusca have been obtained from this formation in the British
Isles alone.

About twenty species of bivalve shells, having close alli-
ances with existing genera of shells living in fresh or brackish
waters, and therefore indicative of their own fresh-water or
estuarine origin, occur in some of the coal-measures. These
fossil genera comprise Antkracosia,§ Cardinia, Myalina, My-
tilus, and Unio ; and some of the species abound in some
parts of the coal-measures in extensive, though thin, beds of
shale or limestone, known as “ mussel-bands.”

¢ See Milne-Edwards and J. Haime’s beautiful Monograph, published
by the Palzontographical Society, 1852.

+ Comprised in the Blastoidean Order of the Echinodermata.

1 Medals of Creation, vol. i. p. 297.

§ See Prof. King’s interesting paper on the distinctive characters of thi
member of the Unionidge, in the Annals Net. Hisk. Tnd sex.vol, xvii. p-5}
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mondia, Leda, Modiola, Nucula, Sangwinolites, and Sedq-
But the most striking modification in the molluscous

fauna is the abundance of extinet types of Brackiopoda® of’

Palliobranchista,t such as Athyris, Ohonetes, Loptena, Lin-

gula, Orthis, Productus, Rhynchonella, Spirifer, Strophomena,
&e. These occur in profusion ; and entire beds of limestone
sometimes are aggregations of the shells of these curious
animals

As we descend to the more ancient rocks, we shall find these fossils
yet more prevalent ; and I will, therefore, in this place offer a few re-
marks on the structure of this family of mollusca.l The small sub-
globular bivalves, Terebratule,§ so abundant in the chalk, are some-
times found empty, and, if the valves be carefully separated, two curious
appendages are seen projecting from the hinge into the interior of the
shell ; these processes are the internal skeleton for the support of ciliated
organs for the production of currents in the water. In the Spirifers
(Lign. 181, figs. 2,9, 11), there are two spiral appendages | which are
closely coiled, and are often, like the substance of the shell itself, changed
into calcareous spar ( figs.2,9); in specimens where the shell is removed,
these organs may be seen in their original situation.

The loop-like processes observable in the interior of the shells of many=—
of the fossil Terebratule are the internal skeleton, and are for the attach—
ment of the muscular stems, or stalks of the fringed arms, or lateral pro—
longations of the lips of the animal. These arms, or oral appendages,
are fringed with cirrAs, probably covered with microscopic cilia ; and by
the vibratile action of the latter minute particles of food are transmitted

® Arm-foot: the spiral arms of some of these molluscs were at first
supposed to serve to some extent a8 locomotive organs; hence this most-
used name. ‘ d

+ Mantle-gilled : the animals having no special branchie or gills,
their blood is aérated through the medium of their inner integument or
mantle : hence this philosophically correct, but neglected name.

1 See Owen ‘“ On the Anatomy of the Brachiopoda,” Zoological Trans-
actions, vol. i. p. 145; * Lectures on Comp. Anat.” &c.; Woodward’s
“Manual of Mollusca,’”’ p. 209 ; and Davidson’s * Monographs of the
British Fossil Brachiopoda,” published by the Paleontographical So
ciety (especially the Introduction)

§ Medals, p. 388.
7 -~~a the name of the genus (coil-bearings.

W
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seven spiral gyrations, which decrease towards their extremities. It b
been conjectured, that, as the stems are hollow from one end toth
other, and filled with fluid, this might be acted upon by the spirally dis-
posed muscles composing the walls of the canal, and forcibly injected to-
wards the extremity of the arms, which would be thus unfolded and pro-
truded. None, howerer, of the living specimens of this animal obeerved
by Mr. Barrett,® in 1855, protruded their arms; but these organs were
extended just so mnch that the cirrhi, when unbent, came as far as the
margin of the shell.

The arrangement of the fringed arms in the known living Brachiopoda
is generally either more or less perfectly spiral, sigmoid, looped, or folded.
In the fossil genera Spirifer, Athyris, Merista, Retzia, Uncites, and
Atrypa, the internal, calcareous, spiral appendages were evidently the
supports of perfectly spiral arms. If indeed the arms of RAynchonella
were so supported, that genus would present the same structure as that
of Atrypa, and a close analogy to that of the Spiriferide.

46. CrusTACEANS AND INsEcTs.—With the layers of
fresh-water shells that are intercalated in some of the coal-
deposits, there are a few species allied to water-fleas, Cypride.
They occur abundantly in the Nova-Scotian and some of the
Pennsylvanian coal-measures; also in the Shrewsbury,
Ashby-de-la-Zouch, Border-country, and Burdie-House coal-
strata. Inthe last, and near Glasgow, two species of a peculiar
entomostracous crustacean, Eurypterus,t one of which is
twelve inches long, have been discovered by Dr. Hibbert.

Dithyrocaris } is another peculiar form of the lower tribe
of crustaceans not uncommon in some of the carboniferous
strata of Ireland and Scotland.

In the ironstone-nodules of Coalbrook Dale, the remains of
small crustaceans sometimes form the nucleus,and Mr.Prest-
wich § discovered some in a good state of preservation (Zign.
182). Some of these crustaceans are referable to the Limu-

* Annals Nat. Hist. 2nd ser. vol. xvi. p. 257.

+ Medals, p. 524. 1 Medals, p. 525,

1 Geol. Transact. 2nd ser. vol. v. p. 41.

§ The chemical changes which have taken place in the carboniferous
- ¢ otrata, and led to the formation of the bends wad nodules of iron-
“* sfone, are thus explained by Sir . de la Bedhe:—The wrillucecn
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It is in the carboniferous system that we first meet, ins
descending order, with vestiges of the extinct family of crus-
taceans called Trilobites* (Griffithides, Phillipsia, &c.); but,
as these animals are especially characteristic of the older
rocks—the Silurian, I shall reserve a particular notice of
them for the next discourse.

The higher Crustacea are still but little known in the
coal-rocks. - The Gampsonyz,¥ however, of the Saarbriick
coal, combines some characters now found in the Amphipods
and the Decapods; and the Pygocephalus i of the Man-
chester coal-shales, another rare form, is referable either to
the lower Decapods or to the Stomapods.

Insects—The remains of insects belonging to several
genera have been found in the carboniferous series of Eng-
land and Europe. From the ironstone-nodules of Coalbrook
Dale, several species of beetles, related to the Curculio or
diamond-beetle, have been obtained. In a nodule from the
same locality I discovered the wing of a large neuropterous
insect, closely resembling a species of living Corydalis of
Carolina.§ The coal-measures of South Wales have also

"yielded insect-remains.|

Numerous specimens of orthopterous, neuropterous, and
coleopterous insects have been described by F. Goldenberg ¥
from the coal-basin of Saarbriick, in Rhenish Prussia, whence
8o many other interesting fossils have been obtained.

Fossil Scorpion.—Not only are the remains of insects
imbedded in the coal-strata, but also those of animals to
which they served as food. A fossil Scorpion has been
discovered by Count Sternberg in carboniferous argilla-

* Medals, p. 532.

+-Jordan and von Meyer, Paleontographica, vol. iv. p. 1, pl. i

1 Huxley, Journ. Geol. Soc. vol. xiii. p. 863, pl. xiii.

§ Medals, p. 554. This specimen is now in the British Museum.
/|- In the collection of the Rev. 8. Lucas, F.G.S.
¥ Paleontographica, vol. iv. p. 17, plates Wi o .
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Ceous schist, at Chomle, 8.W. of Prague, in Bohemia.*
This fossil is about two inches and a half long, and is
imbedded in coal-shale, with leaves and fruits. The legs,
claws, jaws, and teeth, skin, hairs, and even portions of the
trachea, or breathing apparatus, are preserved. It has
twelve eyes, and all the sockets remain ; one of the small
eyes and the left large eye retain their form, and have the
cornes, or outer skin, preserved in a corrugated or shrivelled
state. The horny covering is also preserved ; it is neither
carbonized ner decomposed, the peculiar substance of which
it consists, elytrine, having resisted decomposition and mi-
neralization.

47. Fisues oF THE CarBONIFEROUS SYsTEM.—The fishes
of the coalt are of the placoid and ganoid groups (see p. 352) :
and several of the genera have not been found in any other
system ; all of these have the heterocercal form of tail (see
p- 531). Sixty genera have been determined from the car-
boniferous strata of the British Isles. 1 can only allude to
a few of the most characteristic.

Amblypterus.—This is a genus restricted to the coal-mea-
sures, and is charactererized, as its name implies, by very
large and wide fins composed of numerous rays. The scales
are rhomboidal and finely enamelled; and the teeth are
small, numerous, and set close together like the hairs of a
brush; indicating that these fishes fed on decayed sea-
weeds and soft animal substances. The tail is a good ex-
ample of the heterocercal type. A restored outline of the fish
is given in Zign. 183, from M. Agassiz’s great work, the
¢ Poissons Fossiles.” Four species have been found in no-

" ® See Verhandl. Gesell. vat. Mus. Bshmen, 1835, p. 35; Dr. Buck-
land’s Bridgewater Treatise, plate 46, p. 406, et seq.

+ See some interesting remarks on the fishes of the North American
coal-beds, by Mr. Newberry, in the Edinb. New Phil. Journ. New
series, vol. v. p. 364 and by Messrs. Worthen and Agpstia, WA
p. 367,

3p
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dules of ironstone at Saarbriick, on the borders of Lorraine;
and at Newhaven, near Leith.

Megalichthys.—Of the remarkable group of fishes termed
Sauroid,* the remains of two genera have been discovered
in the strata at Burdie House by Dr. Hibbert, and subse-

Liox. 183, ~RESTORED FIGURE OF THE. AMBLYPTERUS; A HETEROCERCAL FISH PECULIAR
TO THE CARBONIFEROUS SYSTEM: one-sizth the nat, sise.

&, The upper lobe of the tall, into which the vertebral column is prolonged.

quently in several other localities. The Megalichthys was
covered with enamelled, quadrangular, finely granulated
scales, very thick, and nearly an inch wide. The head was
protected by strong enamelled plates. It had very large
teeth, which were conical, hollow, and striated. This fish was
from three to four feet in length.

Holoptychma —This is a genus of gigantic sauroid ﬁshes,
some species of which attained a length of thirty feet. The
scales are thin and nearly circular, the upper surface corru-
gated in ridges, and from one to five inches in diameter.
The plates covering the head have a shagreen-surface with
irregular ridges. It has large conical sauroid teeth of great
density ; and numerous long slender teeth.

Cestracionts.t—Remains of numerous extinct species of

# Medals, p. 615. 4% Medals, p. 583,
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Rogers, determine to be the local representative of the
lower portion of the Mountain-limestone, both Dr. Lea and
Prof. H. D. Rogers have found foot-tracks resembling those
of thin-toed saurians.*

Similar tracks to the last mentioned have been found on
the coal-shale of the Forest of Deane; and Cheirotherian
footprints on a gritty carbonaceous stratum, forming 8
“ poof”” of the coal, in one of the coal-mines at Dalkeith,}
which are worked in the Mountain-limestone series.

Here then are evidences enough, and doubtlessly further
researches will contribute more, of the terrestrial and am-
phibious vertebrated animals, which, crawling among the
tangled swampy jungles, and on the oozy surface of the
shores, inhabited the lands that were clothed with the luxu-
riant vegetation of the carboniferous flora.

49. CLiMATE OF THE PaLzozoic aces.—The cause of
the difference between the natural climates now prevailing
over extensive zones of the earth’s surface, and those which
the organic remains discovered in many of the older strata
lead us to conclude have formerly subsisted during very long
periods of time—and apparently over the greater part of it8
whole extent—is one of those geological problems the solu-
tion of which is not at present wholly within our resch.
Unable to account for such a distribution of an apparently
high climatorial temperature—a diffusion of heat and light
8o greatly at variance with that which has prevailed during
the human epoch—the mind naturally endeavours to pene-
trate the mystery by a reference to physical causes extrs
neous to our planet. But, as yet, astronomy has afforded
no satisfactory elucidation of the subject.

A variation in the eccentricity of the earth’s orbit, and a change in the
position of the tropical zone, on account of the precession of the equin'*

¢ Sauropus primevus, Lea, Transact. Amer. Phil. Soc. vol. x. 1854
+ Hugh Miller’s Testimony of the Rocks, p. 78. These specimes
are deposited in the Museum of the Geological Survey, in Jermyn Street

l
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‘Whether either or both of the above-named causes may
be regarded as applicable or adequate to have produced any
of the contemplated effects, I must leave to the astronomers
to determine. There is, however, another cause, first sug-
gested by Sir C. Lyell, that possesses all the essential re-
quisites of a vera causa; and that is the varying influence
of the distribution of land and sea over the surface of the
earth.®

A change of such distribution in the lapse of ages, by the degradation
of the old lands, and the elevation of new, is a demonstrated fact; and
the influence of such a change on the climates of particular regions, if
not of the whole globe, is a perfectly fair conclusion, from what we know
of continental, insular, and oceanic climates by actual observation.
“ Here, then,” observes Sir John Herschel, “ we have, at least, a cause
on which a philosopher may consent to reason; though whether the
changes actually going on are such as to warrant the whole extent of the
conclusion, or are even taking place in the right direction, may be con-
sidered as undecided, until the matter has been more thoroughly ex-
amined.” + Another astronomical source of periodical variability in the
general temperature of the earth’s surface has been brought forward by
Sir John Herschel,} who, instancing the observed variability in the Jumi-
nosity of certain stars, suggests the possibility that the sun of our system
may in the course of ages be subject to similar phases of augmented o
diminished energy; and that such variability in the pariods contemplated
by Geology may have given rise at one epoch to a general equatol'ill
climate, and at another to one far below the general temperature that
now prevails.

Two other supposed causes of the existence of a general warm climate
in the earlier geological periods may be here mentioned : namely, 1
Central heat, supposed to be the remains of a former and very much
greater heat, which has been gradually diminishing during some indeﬁnf‘°
period of time: 2. The passage of the solar system through some regio®

* Highly important remarks on the relative extent of land and sea i
the palmozoic ages were found in the 18th chapter of Sir Roderick Mur
chison's * Siluria.”

+ ¢ Discourse on the Study of Natural Philosophy,”” p. 146.

+ In his magnificent work, entitled, * Result of Astronomical Obser'-
ations made at the Cape of Good Hope,” 1847, p. 351.
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of stellar space, of which the temperature, owing to stellar radiation, is
much greater than that in which it is now placed.

Both of these hypotheses have been treated, especially in reference to
the Glacial period in the Tertiary age, in a masterly manner by Mr. W,
Hopkins, of Cambridge, in the Geological Society’s Journal.®* With re-
gard to the first, he remarks, that the effect on the superficial tempera-
ture due to this cause may have been formerly of any amount, but is now
reduced to within 1-20th of a degree of Fahrenheit of that ultimate limit
to which it would be reduced in an indefinite period of time, supposing
the external conditions under which the earth is now placed—such as the
amount of radiation from the sun and stars, and the state of the atmo-
sphere—to remain as at present. Poisson has calculated that it would re-
quire 100,000 millions of years to reduce the present temperature by
about 1-40th of a degree of Fahrenheit. It is probable, therefore, that
many millions of years must have elapsed since the central heat can have
elevated the earth’s superficial temperature by a single degree, and it is
only to the more remote geological periods that we can refer for any
very sensible change in the climatal conditions of our globe due to this
cause. Prof. Ramsay, following out this line of argument, has shown ¢+
that the internal heat of the earth has exerted no important climatal in-
fluence during any of the geological periods, from the Silurian times down-
wards.

Of the second hypothesis, which was suggested by Poisson, Mr. Hop-
kins remarks that it involves the necessity of supposing a totally different
distribution of the group of stars to which the sun should belong, or the
near approach of the solar system to some individual star ; either supposi-
tion being probably inconsistent with the integrity of the solar system as it
now exists. At all events, this hypothesis would not account for the
changes of climatal temperature that have taken place in comparatively
late geological times.

The soundness of the theoretical views of the probable causes of
climatal changes suggested by Lyell is well elucidated by Mr. W.
Hopkins, in the Memoir above quoted, by an exposition of the probable
configuration of the European and North American areas in the Glacial
period ;—when, according to Mr. Hopkins, the absence of the Gulf-stream,
with its influences upon the western coast of Europe, may be assumed,

# See his Memoir, “ On the Causes of Change in the Earth’s Superfi-
cial Temperature,” Journ. Geol. Soc. vol. viii. p. 56 ; and his Presi-
dential Address for 1852, s6id. p. lvii.

1 Quart. Journ. Geol. Soc. vol. xi. p. 203.
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together with the submergence beneath the sea of & large portian of
Northern and Western Europe.®

50. RernosPEcT; Boraxical xrocus.—I will conelude
this discourse with s review of the prevailing botanical chs-
racters during the principal geological epochs.

Count Stemberg, M. Adolphe Brongniart, Dr. Lindley, and other exi-
nent botanists have adduced some interesting generalizations from the
fossil floras of the various formations: and although conclusions of this
kind must be regarded in the nature of shifting hypotheses, and will re-
quire to be modified by new discoveries—for all the fosil species at p1v-
sent known amount only to about two thousand,t yet the characters of the
floras of certain formations differ in so striking & manner from those of
others, that it is very improbable that many of the essential foatures
have been lost.

The flora of the ancient world may be regarded as characteristic o
three distinct eras. The first period, termed by Brongniart * the age of
Acrogens,” comprehends the earliest strata in which traces of vegetation
appear,} and includes the Carboniferons. The plants of this epoch cot-
sist of fucoids, ferns of various kinds in great abundanee, coniferous trees
related to species of warm climates, cycadaces, a few flowering plants,§

® See also A. Henfrey's ** Vegetation of Europe,” for some valusble
remarks on this subject.

+ Prof. Gippert, in 1815 (Rep. Brit. Assoc.), computed the number
of species of fossil plants then known to amount to nearly 2000; and
stated their distribution in the strata to be as follows :—

In the pal®ozoic strata below Triassic . . . . 8

the Coal, principally in the | Oolitie . . ., . 3
Devonian . . . 52 Wealden . . I [
Carboniferous . . 819 | Cretaceous . . . 62

Permian . . . . 58 | Tertiary . . . . ®

1 Lycopodiaceous seed-vessels and fragments of wood, found in the
Upper Silurian Tilestones, are the oldest-known terrestrial plant-remlm"
—H. E. Strickland, Quart. Journ. Geol. Soc. vol. ix. p. 10; and J-
Salter, ibid. vol. xiv. p. 76.

§ The Antholites of the coal-measures. Some, at leaqt, of these m8Y
lave belonged to momnocotyledonous, or even dicotyledonous, ﬂo‘\'e“"i
Jlants, such as the Bromeliace® or the Lobeliaces. See Lindley L
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great woody equisetacee, gigantic lycopodiacere, and trees (Sigillariee)
whose precise relations to known forms is not determined. In this flora
the tree-ferns predominate, and the general type of the vegetation is ana-
logous to that of the islands and archipelagos of tropical and subtropical
climates

The second period (that of Gymnosperms) extends from the Triassic
or New Red to the Chalk inclusive, and is characterized by the occur-
rence of many species of cycadacese and conifere, a few palms, and,
in the Lias,® of a few, but in the Cretaceous beds (see vol. i. p. 329)
of many, dicotyledonous plants; while the proportion of ferns is much
less than in the preceding period, and the lycopodiaceee and equisetacese
are fewer, and present forms different to those of the carboniferous strata.
A flora of this nature corresponds with that of the coasts and maritime
districts of New Holland and the Cape of Good Hope.

The third epoch (Brongniart’s “age of Angiosperms’’) is that of the
tertiary, in which the dicotyledonous tribes present themselves in great
abundance ; the eycadacee are rare, the ferns in diminished numbers,
and the coniferee and palms numerous.

In the latest tertiary strata are imbedded the remains of trees and
plants of species still living in the countries where these deposits occur;
and so also in the beds in actual progress of formation, the most delicate
vegetable remains are preserved ; thus, in the lacustrine marls of Scot-
land the leaves and seed-vessels of the Charae are found in a state of
fossilization scarcely distinguishable from the gyrogonites of the tertiary
strata of the Paris basin, and of Headon Hill, or of the Purbeck beds of
Dorsetshire.

From this review of the botanical epochs which the pre-
sent state of geological knowledge enables us to establish,
we perceive that, from the most ancient formation in which
traces of vegetation remain, the sea has supported the usual
forms of marine plants; and that on the land, ferns, other
cryptogamia, and conifer® have existed through periods of
indefinite duration to the present time; the most striking
and important differences in the ancient and modern floras
being the numerical preponderance of the cryptogamia in
Hutton’s *“ Fossil Flora;' Morris, in Prestwich’s Memoir on Coal-
brook Dale, Geol. Trans. 2nd ser. vol. v.; and Hooker, in Lyell’s
“Manual  (Supplem. 1857).

® Buckman, Quart. Journ. Geol. Soc. vol, vi. p. S\1.
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the former, and of the dicotyledonous tribes in the latter,—
and the more extensive geographical range of the sam
species of plants during the Carboniferous era. The theor]
of the progressive development of creation receives no sup
port from the state of vegetation in the early geologica
epochs ; not only the most perfectly organized of the eryptc
gamic class, but the conifers * also are among the oldest c
fossil plants.

The absence of nearly all vegetable forms in the mos
ancient fossiliferous rocks must not be regarded as a proc
that the floras of those remote periods were thus sterile
the only legitimate inference, in the present state of o
knowledge, is, that the circumstances under which thos
strata were accumulated were unfavourable to the envelog
ment and preservation of terrestrial plants. We have see:
that the grand fundamental distinctions of the vegetabl
kingdom existed in the early secondary ages, a fact in ac
cordance with what we observed in the animal kingdom.
and thus the same unity of purpose and design is manifest
in all the varied forms of organization that lived on our
planet through the vast periods of time which geological in-
vestigations have enabled us to scan.

® See Dr. Hooker’s opinion of the rank of conifers in the vegetable
kingdom, Lyell’s ¢ Manual,” 5th edit. p. 373.
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accumulating for innumerable ages in the profound depths
of seas fed by rivers and streams charged with the detritus
of the countries over which they flowed, and imbedding the
remains of the plants and animals that existed at the period
of their formation. Again we shall find new forms of ex-
istence presented to our notice, differing from, but bearing
an analogy to, the inhabitants of the waters which deposited
the marine strata of the most ancient beds previously ex-
amined, yet altogether dissimilar from those of modern erss.

In vain may we seek for the remains of the mammalia of the °
Tertiary period,—of the molluscs, fishes, and reptiles of the
Chalk,—of the colossal oviparous quadrupeds of the country

of the Iguanodon,—of the dragon-forms of the Oolite,—of
the fish-like lizards of the Lias,—or of the tropical forests
of the Carboniferous period,—all have disappeared; and,as
the traveller, who ascends to the regions of eternal snow,
gradually loses sight of the abodes of man, and of the groves
and forests, until he arrives at sterile plains, where a fow
stunted shrubs alone meet his eye,—and, as he advances,
even these are lost, and mosses and lichens remain the only
vestiges of organic life, — and these too at length pass away,
and he enters the confines of the inorganic kingdom of
nature ;—in like manner the geologist, who penetrates the
secret recesses of the globe, perceives at every step of his
progress the existing types of animals and vegetables gra-
dually disappear, while the relics of other creations teem
around him ; these in their turn vanish from his sight,—
other new strange modifications of organic structure sup-
ply their place,—these also fade away,—traces of animal and
vegetable life become less and less manifest, until they alto-
gether disappear; and he descends to the crystalline rocks,
where all evidence of organization is lost, and the granite,
like & pall thrown over the relics of the former world, con-
ceals for ever the earliest scenes of the earth’s physical

drama,
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very same species, and the shells of the Devonian beds of the south of
England, are congregated in the same masses of sand and shale.*

Whilst there is no. doubt of the marine origin of the coralliferous sud
shelly Devonian limestones and shales of Devon, Belgium, Germany,
and Russia, thereisa difference of opinion existing as to whether the Old
Red strata of Scotland, Ireland, and Hereford have been accumulated i
marine or in fresh water,—along the margins of a sea, or in grost
lakes.t

The fossils, so far as the British Isles are concerned, do not decide the
question. The Old Red fishes may have been inhabitants of rivers aud
lakes, like their modern allies, the Bony-pikes of the North American
waters, and the Bichirs of the Nile. The local abundance of plant-re:
mains merely indicates, in some cases, the close proximity of land ; and
in others, probably, the presence of weedy shallows. The only shell-like
fossil in the Caithness schists is undescribed, and may be either a Posi:
donomya, a Cyclas, or an Estheria. On the other hand, the peculiar and
characteristic crustacean of the Forfarshire flagstones (the Pterygotus)
is associated with some marine shells in the “Tilestones** of Lesmahage
and Ludlow (the passage-beds between the Silurian and the Old-Red);
though in the Yellow Sandstone of Ireland (Upper Devonian or Lowe!
Carboniferous) it accompanies the probably freshwater mollusc, Anodosta
Jukesii.

Although usually the conglomerates are supposed to have been the
result of an agitated sea acting on the lately upheaved slate-rocks, yet
Mr. Gedwin-Austen regards these great conglomerate-beds as not bein§
more than equivalent to the enormous shingle-deposits of Lake Superiof
and refers to the fact that the whole extent of the Old Red series of Great
Britain and Ireland is not equal to the area of the North Americst
lakes. The outflow of the fresh water of the hypothetical Old Red lake
system would carry its fishes (which might also have been of estuarin¢
habits) into the sea-deposits of the period; and thus, in Mr, Godwit'
Austen’s opinion, account for the intermixture of the Scottish fishes with
marine shells in the Devonian strata of Russia. In North America, the
Catskill or Old Red Sandstone is rich with the characteristic fish-remains
Holoptychius and Asterolepis, but yields only two kinds of shells,—of th'
doubtful genus Cypricardites (Vanuxem). Important objections to thi
hypothesis, however, are advanced by Sir Roderick Murchison, in “ si
luria.” {

® See also “Siluria,” p. 264. .
+ See Godwin-Austen’s remarks, Quart. Journ. Geol. Soc. vol. x1
p. 61, & 1 “Siluria,” p. 259, &c.
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In Ireland there are several straggling exposures of red-
dish sandstones and conglomerates, in the southern, central,
and northern districts.* These sandstones are overlaid af
places by the “yellow sandstones” and * carboniferous
slates.” + ‘ :

4. DEVONIAN STBATA OF DEVONSHIRE AND CORNWALL
—In the south of Devonshire, in many places dipping north-
ward towards and beneath the anthracitic or culmiferous
shales and limestones (p. 697), there is an extensive series
of strata composed of green chlorite-slates, alternating with
quartzose schists and sandstones, with blue and grey lime-
stones, which pass into, or are associated with, red sand-
stones and conglomerates. Many of these beds abound in
organic remains. These slaty rocks of Devonshire were
formerly regarded as belonging to the earliest or most
ancient fossiliferous strata—the Transition rocks, as they
were termed, until the labours of Professor Sedgwick and
Sir R. Murchison, aided by the palzontological research of
Mr. Lonsdale, ascertained their true position and relations,
and the unity of type which prevails in the organic remains
of the entire system, in places very distant from each other,
and under very dissimilar conditions of mineral character
The Devonian strata of South Devon extend westward
into Cornwall, and the beautiful coralline marbles of Bab-

* See Griffith’s Geol. Map of Ireland ; and the Map accompanying .
Mr. Godwin-Austen’s Memoir in the Geol. Journ. vol. xii. p. 46.

+ See Portlock’s * Report on Londonderry,” &c.; Report Brit. Assot.
*843, rep. sect. p. 42, and p. 47 ; ibid. 1852, sect. pp. 43, 47, and 51 ; Mr.
Kelly's paper in the Journ. Geol. Soc. Dublin, vol. xii. p. 115 ; and partice*
larly Portlock’s Presid. Address, 1857, Geol. Soc.Journ. vol. xiii. p. 12.
To this late summary, by Gen. Portlock, of the labours of geologists
among the Carboniferous and Devonian rocks of Treland, the reader i8
especially referred for a philosophical review, not only of the relations of
these rocks, but of the principles by which geologists should be guided in

working out the correlation of presumed equivalent deposta in different
districts, See also Austen, Rep. Brit. Assoc. 1o, st 3. W
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(2.) The Ilfracomd or Plymouth group, comprising the rich
coral-limestones of South Devon: the equivalent of the
Eifelian group of the Devonian rocks on the Rhine, contain-
ing Stringocephalus Burtini, Brontes flabellifer, and Cal
ceola sandalina, as typical fossils.

(8.) The Linton or Ashburton group; representing the
‘Wissenbach-slates of the Rhine, with Plewrodictyum pro-
blematicum.

Cornwall principally consists of “ Devonian ” strata, with
metamorphic schists or slates (killas), and great masses and
numerous dykes (elvans) of igneous rocks ; but Silurian * or
Cambrian + fossils have been detected in the schists and
quartzites of two of the southern headlands (Nare Head and
the Dodman).

The killas are a.tglllaceous strata, probably of “ Devonian”
age, that have been indurated by metamorphic action, like
those of Scandinavia and the Ural Mountains, and, as in
those countries, traversed by granites and porphyries. SirB.
Murchison remarks,} that the stanniferous (Zin-bearing)
gravels of Cornwall bear the same relation to the granite
and killas as the auriferous deposits of the Urals to the
erupted and schistose rocks of that chain.

5. DEvoNIAN Series or OLp REp oF ScorLanxp.—The
deposits of this system occupy an important place in the
geology of Scotland. They have of late years attracted con-
siderable attention from the interesting fossils they have
yielded, and the admirable illustrations of the most import-
ant phenomena given by the late Mr. Hugh Miller in his
delightful and instructive works.§ According to this charm-

* Murchison ; Transact. Roy. Geol. Soc. Cornwall,vol. vi. p, 317, &
1 Sedgwick ; Quart. Journ. Geol. Soc. vol. viii. p. 1, &c.
Jameson’s Edinburgh Journal, 1847, vol. xliii. p. 40.

§ It is scarcely necessary to enumerate those of the well-know?
works of this gifted and lamented writer which more especially refer
his favourite and long-studied group of the * Old Red " strata. The
student must necessarily have frequent recourse to the following fof
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M ‘S8andstones and conglomerates, with shales and com-
or M;"g::u { stones. (The typical *“ Old Red ” of Cumberland,
: P Fife, Perth, and Forfar.)

Micaceous sandy flagstones, sometimes bituminous;

Lower numerous fishes and plants (Caithness) ; flagstones

or Grey and tilestones; fishes, crustaceans (Pterygotws),

Group. and plant-remains (Forfarshire) ; with sandstones

and conglomerates.

The predominating colour of the great sandstones and
conglomerates has probably been derived from the debris of
the red granitic gneiss which forms chains of precipitous’
ridges in the north of Scotland. This rock contains hems-
titic iron-ore, diffused as a component of the stone through
out its entire mass ; and this metal also occurs in insulated
blocks of great richness, and in thin filiform veins.®

6. DEVONIAN RBOCKES OF THE CONTINENT AND AMERICA
—On the Continent, Devonian strata are of wide extent.t
- They have been well studied in Brittany, the Boulonnais, and Belgium:
In Rhenish Prussia and the adjacent districts of Germany, they underlie
the carboniferous series, and may be traced around, and dipping under, ,
the coal-field of Westphalia, In the Rheuish Provinces, though the
strata are often greatly contorted and broken, and even sometimes in*
verted or bent back,—the younger lying over the older beds,—yet a perfect
and complete succession of groups of Devonian strata have been shown
to exist in this region, chiefly by the labours of Sedgwick and Murchison,
d’Archiac and De Verneuil, Reemer, and the brothers Sandberger.

* Miller’s * Old Red Sandstone,” p. 248.

t See Murchison and Nicol’s Geol. Map of Europe ; ¢ Siluria,”” chapters
10, 13, 14, and 15 ; and Phillips’ ““ Manual,” p. 144.

1 The important Memoir, * On the Distributionand Classification of the
Older or Palzozoic Deposits of the North of Germany and Belgium, and
their Comparison with Formations of the same age in the British Isles,”
by Sedgwick and Murchison, in the Geol Trans, 2nd ser. vol. vi. P 421,
&c., followed by MM. d’Archiac and De Verneuil’s *“ Descriptions of the
Fossils of the Older Deposits in the Rhenish Provinces ** (ibid. p. 303), w88
the groundwork for subsequent laboursin this field. A full résuméof
the subject, enriched with all the corrections and additions made since
1840, and noticing the views of others relative to some, discussed points
of classification, has been given to the public in Sir R. Murchison’s Iste

work on the history of the Palmozoic Todks,* Shuria;y” and \» Gis
L]
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7. OraaxNic REMAINS OF THE DEVONIAN.—The depositemm
comprised under the names of the “Old Red ” and “ Devoni_ —
an” were formerly regarded as very sterile in organic remainsss.
and classed among the so-called Transitionrocks (vol. i. p. 87 .
in which it was supposed that traces of animal life first ape—
peared. Modern researches, however, have shown thats,

- though many of the strata are locally unproductive in fossils,
yet others abound in the remains of corals, shells, crustaceans,
and fishes. The marine fauna of this period is extremely
rich, containing certain peculiar types, but, as a whole, form-
ing a connecting link between the zoology of the Silurian
series, which preceded it, and the Carboniferous, which
followed.

Ichthyolites are abundant, and occasionally crustaceans,
in some of the sandstones of Caithness, Cromarty, Forfar,
Gamrie,* and other localities in Scotland, and in the Old Red
Sandstone of Herefordshire ; but only very slight traces of
shells have been found. In the limestones and schists of
Devonshire, on the contrary, shells, corals, crinoids, and tri-
lobites are numerous.

Plants—Of the vegetable kingdom, many traces are
found in the Devonian series; as well as occasional inter-
calations of thin layers of coal and carbonaceous strata. As
a whole, the Devonian flora is nearly related to that of the
subsequent Carboniferous period.

" The flagstones of Forfarshire abound with impressions of obscure plant-
remains, and amongst these are found the blackberry-like fossils, already
alluded to under the name of Parka decipiens (p. 787). These are groups
of small, flattened hexagonal, carbonaceousbodies, occupying slight de-
pressions-in the stone ; and, according to some observers,{ are not always
relics of seeds, but frequently are the remains of the spawn of molluscs
and batrachians, and even possibly of crustaceans and fishes.

# Prestwich, Geol. Trans. 2nd ser. vol. v. p. 139.
1 Fleming, in Edinb. Journ. Nat. Science, 1831, val. iii., and in Murchi-
son’s “Siluria,”® p. 266 ; Mantell, Quart. Joum. Gedl. Boe. v W
» 107 nal, p. 421 ; Page, Text-hodk, p.1W.
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Cyathophyllum sre common in the Mountain-limestone, the
Devonian marbles, and the Upper Silurian of Dudley. The
crinoideans comprise several genera, especially Oyathocrinus
(p. 664) and Hezacrinus. Pentremites and Echinoapﬁa'im
also occur. The bryozoa also are well represented in the
Devonian rocks. '

Mollusca.—The shells in some districts are very numerous,
consisting of many genera of gasteropoda; as, Fuomphalus,
Loxonema, Pleurotomaria, Murchisonia, &c.; and acephals,
as Avicula, Cucullea, Megalodon, Nucula, &c

But the most remarkable feature in the conchology of
this epoch is the abundance of the ancient types of brachio-
poda. In the British Devonian strata alone have been
determined of Athyris 7 species, Leptena 8, Orthis 13,
Rhynchonella 19, and of Spirifer 27.

Of the higher order of molluscous animals, species of
five genera are met with in Devonshire. The most common
belong to Orthoceras, Cyrtoceras, Goniatites,* and Clymenia.t
The Orthoceratites in the limestones of Devonshire often
attain a large size. The shell is commonly changed into
white calcareous spar, which in sections forms a beautiful
contrast with the red hue of the surrounding rock.} Two
species of Nautilus are found in Devon, and five species of
the heteropodous Bellerophon.

8. CRUSTACEANS OF THE DEVONIAN SErrEs.—In this
formation the chief palmozoic type of Crustaceans, the Tri-
lobite, is present in considerable numbers, though not rival-
ling the myriads that are imbedded in the Silurian rocks.

* Medals, p. 482. - . 1 Medals, p. 473.

1 Polished slices of marble marked with sections of Orthoceratites are
sold by the lapidaries of Torquay and Teignmouth. Medals, p. 474. The
curious bodies, termed ** Beekites,”” which are found in the New Red
Conglomerate of Torquay, appear to have been rolled fossils of the Devo-
pian limestone, which have been coated with chalcedony whilst in the

oanglomerate, and afterwards decomposed o a grealer ot lees extent. See
&ep. Brit. Assoc. 1856, sect. p. T4,
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The Phacops is & common form; the spinose Homolonoti* are
characteristic ; and a peculiar trilobite, termed Brontes flabel-
lifer, has hitherto been found only in the Devonian deposits.

Pterygotus.—A large species of an extinct genus of crus-
taceans, of a low type, occurs in the Devonian sandstone of
Forfarshire, Herefordshire, &c. ; and fragments of the cara-
pace or shell have long been known to collectors as “ petri-
Jied Seraphims,” the name applied to these fossils by the
quarrymen, from their fancied resemblance to the conven-
tional figures of cherubs.t+ The first specimens which threw
light on the nature of the original were discovered by Mr.
Hugh Miller at Balruddery. The carapace of this animal
forms a somewhat semicircular shield, and the long part of
the body is protected by a succession of transverse plates,
terminated by a caudal flap.} The claws resemble those of
the common lobster. The crustaceous covering, or shell, is
ornamented externally with circular and elliptical markings,
which give it an imbricated, scaly, and somewhat feathered
appearance: and it was the imprints of this surface that
produced the enigmatical fossils to which the workmen
ascribed a celestial origin! Some specimens in dicate a total
length of eight feet.

Pterygotus occurs also in the uppermost of the Silurian
deposits ; and Ewrypterus, an allied genus, occurs both in the
Upper Silurian and in the Carboniferous rocks. Some of
the small bivalvular entomostraca occur also in the Devonian
rocks, such as the Leperditia ;§ and a great group of schists

#* Lyell’s “ Manual,” p. 429. + Miller’s “ Old Red Sandstone.”

1 See Lyell’s “ Manual,” 5th edit. p. 420, for a restored figure of
this animal, by Prof. M‘Coy; and the Quart. Journ. Geol. Soc. vol. xii.
P- 28, for a figure of Himantopterus (a closely allied form), by Mr. Salter;
see also Salter, #id. vol. viii. p. 386, and Agassiz, * Foss. Vieux Gres
Rouge,” p. xix. By the kind petmission of Sir R. Murchison, the Editor
can also refer to p. 155 of the new edition of “ Siluria,’’ now in the press,
for a restored figure of Pterygotus, by Mr. Salter.
_§ Annals Nat. Hist. 2d ser. vol. xviii. p. 89
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Miller states, that in Scotland they are principally restricted
to the group of cornstone and marls. Some species occur
also in the uppermost Silurian strata.

Pterichthys.*—The fishes of this genus are distinguished
by two wing-like lateral appendages, which, like the spines
of the common Bull-head (Cottus gobio), were weapons of
defence. The head and anterior part of the body are covered
with large angular tuberculated scutcheons. There are two
eyes, which are placed in front of the lateral spines. Ten
species occur in the British strata; mostly not exceeding
eight or ten inches in length.

Coccosteus.t—In form, and in the arrangement of the
bony scutcheons, the fishes of this genus have a resemblance
to the Pterichthys. The plates are tuberculated ; the tail is
very long, covered with scales, and supports a fin. There
are four or five species, varying in length from a few inchee
to two feet. - Their remains are the most abundant of the
ichthyolites of the Old Red rocks. Patches of detached
scales and separate osseous plates are very frequent in the
sandy cornstones and subcrystalline limestones. They are
usually of a brilliant blue or purple colour, which, strong-
ly contrasting with the dull red tint of the surrounding
rock, renders them easy to be detected. This colour is sup-
posed to be due to the presence of phosphate of iron} In
none of these fishes have any traces of vertebrs been di+
covered ; it is therefore probable that the spinal column w8
cartilaginous, as in the Sturgeon.

Holoptychius.—~My limits will only admit of a rapid no-
tice of a few other Devonian ichthyolites. Among thes
several species of the large ganoid fishes, named Holopty-
chius,§ from the peculiar character of the scales, are most

* Wing-fish., Medals of Creation, p, 612. Miller’s “ Old Red Sand-
stone.”’

+ Berry-boned : from the plates being studded over with small tuber-
cles. Medals of Creation, p. 614; Miller, op. cit.; and * Siluris,” P-
252. 1 ¢ Silurian System,” p. 388.

§ Solid-wrinkled. A splendid specimen of H. nobiliasimur,\wetty

|
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strikingly conspicuous. This genus we have already noticed
in the account of the carboniferous ichthyolites (p. 770).

Dendrodus.—This fish is allied to the Holoptychius, but
the structure of the teeth, scales, and occipital plates is pe-
culiar. The teeth are of a conical form, slightly curved,
solid throughout, and finely striated longitudinally; and
the calcigerous tubes are so disposed as to produce a den-
dritiéal or arborescent appearance in transverse sections; a
character which is expressed by the name Dendrodus,* given
to the fish by Prof. Owen.

Dipterus and Diplopterus are two nearly related genera
of ganoid fishes, 50 named from their possessing two dorsal
fins, which are placed opposite the anal and ventral fins.
These fishes, together with the Osteolepis,t another common
Devonian genus, have bony scales plated with enamel and
finely punctated ; and their jaws consisted of enamel without
and bone within, and were beset with sharp-pointed teeth.

Glyptolepis, Cheirolcpis, and Cheiracanthus } are other cha-
racteristic fishes of this series of deposits. Of the placoid
fishes (p. 852), species of the genera Onchus and Ctena-
canthus have been discovered; but the placoideans are but
feebly represented in the Devonian epoch, while the ganoid
group is largely developed.

Reptiles—The most ancient reptilian ichnolites or foot-
prints are those discovered by Capt. Brickenden,§ in the
Old Red Sandstone of Cummingston, near Elgin, which re-
semble the track of a Chelonian reptile. But still more in-

eight inches long, is figured in ¢ Silurian System,” pl. 2, and is now in
the British Museum ; * Petrif.”” p. 434. .
 ® Tree-tooth. Medals of Creation, p. 618, and Pl. VI. fig. 8.

+ Bony-scale. Miller’s “ Old Red Sandstone,”” p. 80; and “ Foot-
‘prints of the Creator,” p. 30.
* 3 Carved-scale, Hand-scale, and Hand-thorn. Consult Hugh Miller’s
‘works above quoted ; Agassiz’s beautifal Monograph on the Fishes of
the O)d Red Sandstone ; and Murchison’s * Silurian System®

§ Quart, Journ. Geol. Soc. vol. viii. p. 97.
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teresting evidence of the existence of oviparous quadrupeds
in the Devonian period has been afforded by Mr. Duff’s dis-

LIGN. 186.—TELERPETON ELGINENSE. From the Old Red Sandstone of Scotland.

Outline of the restored form of the original reptile: half the size.

covery of the skeleton of a small reptile in the same sand-
stone, near Elgin, that has yielded the footprints. Thisis
the Telerpeton Elginense (Mantell),* a lacertian reptile with
batrachian modifications. Lign. 186 exhibits, in outline,
the probably newt-like shape of this interesting palwozoic
reptile, at half the natural size.

10. TaE SILURIAN AND CAMBRIAN Rooks.—By reference
to the synoptical arrangement of the formations (p. 205),
it will be seen, that the great interval between the hypogene
rocks (gneiss and mica-schist), and the Devonian series, 28
above described, is occupied by an immense thickness of

v

* Quart. Journ. Geol. Soc. vol. viii. p. 100; and “ Medals of Creation,”
vol. ii. p. 720. This specimen was described, under the name of Leplo-
pleuron lacertinum, by Prof. Owen, in the ‘‘ Literary Gazette,” c¢ontempo-
raneously with Dr. Mantell’s communication on the subject to the Geo
logical Society.






800 THE WONDERS OF GEOLOGY. Lyor. VIIL

unfossiliferous greywacke of the Longmynd, Prof. Sedgwick was eluci-
dating the contorted, dislocated, and slaty rock-masses of North Wales,*
which he termed ‘ Cambrian,” and which were then believed to be oldet
than any of the “Silurian ’’ strata. The North Welsh fossils, howerer,
were not described ; nor were the exact relations of the strata of the two
districts made out. Subsequently, on the one hand, it was determined,
chiefly by the labours of the Geological Survey, that the fossiliferous strats
of Cambria, or North and South Wales, are replications, expansions, and
curvatures of the Shropshire or Silurian strata (the Cambrian equin-
lents being, however, for the most part, in a much more crystalline cos:
dition, and much more intersected and intercalated with igneous rocks);
the fossiliferous schists both of Cambria and Siluria equally reposing &
unfossiliferous greywacke—that of the Longmynd on the east, and thsl
of Anglesea, Harlech, and St. David’s, on the west. To these latter o
“ Bottom Rocks ”’ the Geological Surveyors thought fit to limit the term
““Cambrian ; ”* applying the names * Lower and Upper Silurian” to th
great overlying fossiliferous groups. This nomenclaturc became generally
adopted in Europe and America, as the equivalent formations were de-
tected and classified. At a later period Prof. Sedgwick and Prol
M‘Coy, having diligently worked out the fossils of North Wales, ad
reéxamined much of the ground, endeavoured to define the exact limit
of the lower and upper portions of the series, retaining for the former
Prof. Sedgwick’s early term *‘ Cambrian,” and applying that of *Sile
rian ”’ to the upper group only. The Geological Surveyors also, about th
same time, carefully directed their attention to the same points of research
corroborating and extending the known facts, but without essentially al*
tering the received nomenclature.

In 1854, Sir R. Murchison published a comprehensive and populst
review of the Paleeozoic Rocks and Fossils, in his valuable and widely

tient, laborious, and successful scientific research, pursued through a lo
series of years, regardless of toil, time, or expense. The results of the
labours of its highly gifted author were alike novel and important : rock$
which, under the names of transition and greywacke, were previousy
considered without the pale of scientific arrangement, were for the first
time reduced to a regular system, and their zoological characters as wel
defined as those which mark the newer secondary formations. This
truly a national work : the description of the British coal-fields is asim*
portant in an economical as in a scientific point of view.

® See the several valuable Memoirs by Prof. Sedgwick, in the public:
ations of the Geological Society, on the Palzozoic Rocks of Wales ol

the North of England.
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fossils,—and particularly the recent discovery of the primary age of the
red conglomerates of Sutherland and Ross.

The whole of these strata are of marine origin ; and the
limestones and shales often swarm with trilobites, crinoids,
corals, brachiopods, and other fossils, with which our late
investigations have made us familiar. The subdivisions in-
troduced are locally important; but a general analogy pre-
vails in the organic remains throughout the entire system,
and there does not appear to be any essential variation in
the forms or conditions of organic life, as deducible from the
fossils, from the commencement to the termination of the
series ; and, though each principal division may be distin-
guished by its peculiar fossils, yet the Upper and Lower Si-
lurian (or Cambrian) rocks are bound together by many species
common to both, and form but one great natural system.

The Upper Silurian is estimated to have a thickness of
about 5000 feet; the Middle, 2080 feet; the Caradoc and
Llandeilo groups, together, attain nearly 19,000 feet; and
the Longmynd rocks, upwards of 25,000 feet. This is in
strong contrast to the slight vertical development of the Si-
lurian rocks of Norway, where the whole series, complete in
all its members, attains no more than 2000 feet thickness.*

11. SiLuBIAN AND CAMBRIAN BOCKS OF THE BRITISH
IsLes.—Both the lithological and the zoological characters
of this great series, and even of its principal subdivisions,
are found to prevail not only in England, over the continent
of Europe, and beyond the Ural to the Himalayas, but also
in North America, where the Silurian and Cambrian rocks
are largely developed, forming great tracts in the United
States, Canada, and the Arctic Regions.

In Cornwall, Lower Silurian or Cambrian rocks appear in
two of the southern headlands, emerging from beneath the
predominant strata of the district, the Devonian, and con-
taining characteristic fossils.t But the chief development

# Nmast Toumn. Geol. Soc. vol. xiv. p, 43. + Ibid. vol. viii. p. 2,
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of the series in Britain is in the Border-counties and
Wales.*

In Cumberland and Westmoreland, the Lower Pal®ozoic
rocks are also extensively exposed, presénting an enormous ag-
gregate thickness,—upwards of 20,000 feet. These old Cum-
brian strata have been specially studied by Prof. Sedgwick.t

The Lake-district, so well known to the tourist, may be
described as a circular cluster (or massif’) of mountains, the
central portion consisting of serrated peaks of schistose rocks,
thrown into their present position by granite and other ig-
neous masses which constitute the true geological centres of
the mountain-groups. The outskirts of this region are
chiefly formed by Carboniferous deposits ; a zone of Moun-
tain-limestone appearing on the east, north, and south; and
the western side is bounded by the Irish Sea.

‘Within the calcareous zone, are several extensive masses
of granite, syenite, and porphyry, but the greater part of
the region is occupied by stratified deposits of a slaty tex-
ture, which, according to Prof. Sedgwick, may be subdivided
into the four following formations, commencing with the
uppermost :—1. Greywacke-slate, often more or less calca-

* The student must necessarily consult the maps and sections pub-
lished by the Geological Survey; and it will be of advantage to have at
hand Knipe’s Geological Map of the British 1sles, which presents a coup
@ eeil of the geographical distribution of these formations over the British
Islands. Their extension over Europe into Western Asia may be studied
in Murchison and Nicol’s Geological Map of Europe (K. Johnston).
Hall’s Geological Map of the United States, that by Prof. H. Rogers, in
K. Johnston’s * Physical Atlas,”” and Sir W. Logan’s Geological Maps
of Canada, in Quart. Journ. Geol. Soc. vol. viii. pl. 6, and in his *“ Es-
quisse Géologique du Canada,” 1855, with Isbister’s Geological Sketch-
Map of the Arctic Regions, Geol. Soc. Journ. vol. xi. pl. 14, and that
constructed by Haughton and Macclintock, Journ. Roy. Dublin Soc,
February, 1857, illustrate the Palaeozoic deposits of North America.

+ His Memoir, in the Geol. Soc. Journ. vol. viii. p. 35, contains some
of his latest researches in these rocks, with illustrative sections and
full references to former Memoirs. See also ibid. pp. 136—142; and

Geol. Trans. 2nd ser. vol. iv. p. 45, &c.
3r2
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reous, and having subordinate beds passing into impure lime-
stone, full of organic remains. 2. Green quartzose roofing-
slate, associated, in every variety of complication, with fel-
spathic rocks of porphyritic structure. 3. Black glossy clay-
slate, sometimes passing into greywacke. 4. Various crys—
talline slates, resting immediately on the granite of Skiddaw
Forest, and forming the base of the whole stratified series.

These rocks have also been classified by the same ‘eminent
geologist according to the following local groups :—1. Flags
and grits of Kirkby Moor; 2. Slate and grit-stone ; 3. Ire-
leth slates; 4. Coniston grit, flagstone, and limestone;
5. Slates and porphyry ; 6. Skiddaw slates. Nos. 1,2, and 8
are the equivalents of the Ludlow and Wenlock groups;
the others represent the great lower groups of Caradoc,
Llandeilo, &e.

In South Scotland the Silurian rocks and fossils * have been
worked out by Sedgwick, Murchison, J. Nicol, J. C. Moore,
Harkness, M‘Coy, Salter, and others; especially in Ayrshire,
‘Wigtonshire, Dumfries, and other neighbouring districts.

In the North-west of Scotland the late researches of Mr.
Peach and others have enabled Sir Roderick Murchison to
codrdinate the old quartzites, schists, silicious limestones
and sandstones of Durness and Loch Eribol with the Lower
Silurian rocks of Wales; and to refer the great conglom-
erates of Western Sutherlandshire and Ross to the Long-
mynd or Bottom Rocks ; correcting the long-held notion of
their being of the same series as the Old Red conglomerates
of Caithness and the Eastern coast. These primzval depo-
sits rise on the northern shores of Lochness in an immense
mass of conglomerate, based on a small-grained red granite,
to a height of three thousand feet above the sea-level;
and on the north-western coast of Ross-shire, form three
immense insulated hills (Suil-veinn, Coul-beg, and Coul-

# See Proceed. Geol. Soc. vol. . pp. W =xd $3+ Quart. Geol.

Tor > p. 1953 vol. vi. po. 53 and WHy el WL go. AR .
15 and 238; also * Shurie,’ .10, &e.
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snore *), of as great an altitude, that rest unconformably on a
base of gneiss.t (See “Biluria,” 2nd edit. p. 195, &c.)

Silurian rocks occupy large areas in Ireland,} and have
been described by Weaver, Griffith, Portlock, and others.
The complete view, however, given of these strata in Mur-
chison’s “Siluria” must be referred to by the student. The
coast of Ireland opposite to that of Wales and Cumberland
is formed of Silurian and Cambrian strata, which spread
also over Wexford and part of Waterford and Wicklow ; an
enormous intrusion of igneous rocks rising up in Carlow,
and reaching to the shore of Dublin Bay, at Kingstown.
From Drogheda Bay to Belfast Lough similar deposits ap-
pear, covering a great portion of Armagh, Monaghan, and
Louth ; the whole sinking westward beneath the vast region
of Carboniferous deposits which occupy more than one-half
the entire area of Ireland.

12. TeE LoNeMYND oR BorToM BOOKS.—In Shropshire
there is a group of old stratified rocks, unconformable to the
overlying strata of the Llandeilo group, having evidently
been thrown into highly inclined positions before the de-
position of the latter. These rocks form the Longmynd and
contiguous ranges of hills, comprising Ratlinghope, Linley,
Pontesford, &c., and vary in height from 1000 to 1600 feet.
The strata consist of hard sandstone, grit, and schist, raised
up in mural masses, the beds being either vertical, or in very
highly inclined positions.§

On the western flank of the Longmynd the schists dip
conformably under the Lowest Silurian of the Stiper Stones,

# See a beautiful sketch of these Mountains, in * Siluria.’” These in-
sular rocky mountains are cited by Macculloch (“Western Isles,”” vol. ii.
p- 90) and by Lyell (“ Manual of Geology,” p. 67) as instructive ex-
amples of the vast amount of denudatxou which has taken place in many
countries.

- 4 Hugh Miller’s *“ Old Red Sandstone.” 1841 P- 28.

1 See Griffith’s Geological Map of Ireland

§ “Silurian System,”’ chap. xxi. * Siluria }* and Quatt. Journ. Sesh.
Soc. vol. xiii. p. 200, .
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as represented by Sir R. Murchison (“Sil. Syst.” pl. 82);
but on the south and east they are unconformably overlsid
by the Upper Llandovery beds and the Wenlock shale.

According to the observations of the Government Geologi-
cal Surveyors, the greywacke of the Longmynd is from
80,000 to 40,000 feet thick; and, though composed of
nearly unaltered * beds of sediment, it has yielded but very
few traces of organic remains. These few valuable relics
have been discovered in the upper portion of the Longmynd
rocks by the acuteness and persevering emergy of Mr.J.
'W. Salter,t F. G. 8., Palmontologist of the Geological Survey;
and consist of two portions of a Trilobite, numerous Anne-
lide-burrows and Worm-tracks, Wave-marks, the casts of
Sun-cracks, and even of Rain-prints; distinctly recording ;
the daily working of wave, wind, and cloud, and the existence
of some, at least, of the inhabitants of a shore-margined ses
in incalculably ancient periods, long anterior to the immes
surable ages the history of which we have but faintly sketch-
cd in the foregoing chapters of this book.

Ancient deposits equivalent to the Longmynd, Lowest
Cambrian, or Bottom Rocks, have been recognised at St.
David’s in South Wales, between Barmouth and Harlech,
and around Llanberris and Bangor in North Wales; bub
annelide-marks,} discovered in the Bangor schists by Mr.
Salter, are the only evidences of organic life as yet noticed-

* The slaty rocks of Wales, in which fossils often abound, are far moré
altered than these strata of the Longmynd, which are only in part highly
mineralized, and chiefly where they have been intruded upon by trap-
rocks, and impregnated with copper-veins, bitumen, and other minerals-
—8il. Syst. p. 261.

t See Mr. Salter’s descriptions and figures of these primeeval vestiges,
in the Journ. Geol. Soc. vol. xii. p. 246 ; and dbid. vol. xiii. p. 199.

1 These comsist of worm-tubes crossing each other, and so giving
rise to a fucoidal marking, which was described by Mr. Salter (Geol:
Soc. Journ. vol. xii. p. 246) as being probably a Chondrites, but has sincé
been proved by thisaccomplished geologist to be formed of worm-tracks,
as indeed (Mr. Salter thinks) all, or neaxly all, the so-called fucoids of

the paleeozoic rocks may turn out to be.
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In TIreland, the grauwacke of Bray Head is of the same
age, and yields annelide-burrows and the enigmatical fossil
known as Oldhamia,* of which two species have been
found.

The discovery that the great conglomerates resting on
the gneiss of the North-west Highlands belong to the Long-
mynd age, already alluded to (p. 806), enlarges our know-
ledge of the complete succession of the Lowest Pal®ozoic
rocks, and brings the British series into close accordance
with that of Scandinavia on the one hand, and that of Canada
on the other.

The discovery, however, of organic fossils in some of these
Bottom-rocks destroys the propriety of the term “Azoic” t
that has been so long applied to them; and (like the unex-
pected appearance of mammalian teeth in the Triassic bone-
bed of Stuttgart, of Dromatherium in the Chatham strata of
the United States, of Dendrerpeton and Pupa in the coal of
Nova Scotia, and of Telerpeton in the Old Red Sandstone)
warns us to be cautious in accepting negative evidence in
support of geological hypotheses.}

13. SILURIAN STRATA OF STAFFORDSHIRE.— Among
the British Silurian districts, the country around Dudley,
‘Walsall, and other parts of Staffordshire demands especial
notice from the interesting circumstances under which these
paleeozoic rocks occur; being isolated, as it were, from the
great regions of the formation, and thrown up amidst the
newer deposits, like islands in the Triassic and Carbonifer-
ous areas: and the facility of access to these localities, by
the railroads from the metropolis, renders them peculiarly
valuable to the geological student.

% Forbes, Journ. Geol. Soc. Dublin, vol. iv. p, 20. Whether thig
foasil rcpresents a Bryozoan, a Zoophyte, or a sea-weed, is as yet undeter-

+ * Without life.”
£ See Lyell’s “ Manual of Geology,” 5th edit. p. A0
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At the distance of about 120 miles trom London, an insulated mass of
Silurian rocks is protruded through the once-overlying Carboniferous and
Triassic strata at Walsall, and forms a ridge of hills on the eastern bor-
ders of the great Staffordshire coal-field ; while near Dudley, a few miles
to the south-west, another range of Silurian hills, produced by a similar
upheaval, appears in the midst of the same Carboniferous basin; and
near these hills is a mass of voleanic rocks, called Rowley Hill.®

The town of Dudley is situated partly on the coal-field, and partly o0
the group of Silurian rocks which constitutes a prominent feature in the
physical characters of the landscape. These Silurian deposits rise into an
elevated chain of hills, which extends four or five miles diagonally across
the coal-basin, in a line from Dudley to Wolverhampton ; the latter
town standing on Triassic strata near the western margin of the coal-
field.+ The aspect of the surface of the country denotes the nature of
the sub-soil, for the Triassic districts are generally covered with verdure;
while those of the coal, from the extensive mining operations every-
where in progress, present for the most part a character of sterility and
desolation.

In the Dudley Silurian range, three hills are strikingly conspicuous,
namely Sedgley, which is composed of the Upper Ludlow rock and
Aymestry limestone,—and the Wren’s Nest and the Castle Hill, consist-
ing of Wenlock shale and limestone ; these hills, with their connecting
valleys, form a verdant tract in the midst of the surrounding coal-measures.

The most remarkable eminence of this group is that called the Wrew's
Nest, which is a steep héadland, covered on the top with stunted wood,
and presenting the appearance of a truncated dome ; its summit is deeply
excavated, whence the common ironical name. This hill, as shown it
Lign. 187, consists of arched strata of Wenlock shale and limestone-
The limestone teems with the characteristic fossils of this division of the
Silurian series (see Table, p.801). Castle Hill and Hurst Hill are similar
and parallel upheaved masses.

The truncated appearance of the summit of Wren’s Nest has evidently
originated from the denudation of the upper part of the dome of which
it once consisted ; the strata having been originally protruded in a2
arched position, as in Kettle Hill (see the section, Lign. 187); and we
have in these Silurian limestones and shales a corresponding struc

¢ See the Map accompanying the *Silurian System,” or that i
“Siluria.”

+ See p. 688, for an account of a fossil forest in a coiliery near Wolver-
hampton.
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antecedent to the Triassic period, the strata of which age
have been quietly deposited on the southern flank of the
Clent Hills, as seen in Lign. 188.

8. Calcot Hill. Walton Hill, 8¢t. Kenelms,
1007 fees.
Trap-rocks.

LIGN. 188.—SECTION OF THE CLENT HILLS.
(8il. Syst. pl. 29, part of fig. 10.)

The following description by Mr. Hugh Miller is too
characteristic to be omitted :—

“ The New Red Sandstone, out of which the Clent Hills rise, forms s
rich, slightly undulating country, reticulated by many a green lane and
luxuriant hedge-row ; the hills themselves are deeply scooped by hollow
dells, furrowed by shaggy ravines, and roughened by confluent emi-
nences ; and on the south-western slopes of one of the finest and most
variegated of the range, half on the comparatively level red sandstone,
half on the steep-sided billowy trap, lie the grounds of Haglv. Letthe
Edinburgh reader imagine such a trap-hill as that which rises on th
north-east between Arthur’s Seat and the sea tripled or quadrupled in its
extent of base, hollowed by dells and ravines of considerable depth, cover-
ed by a soil capable of sustaining the noblest trees, mottied over with
votive urns, temples, and obelisks, and traversed by many a winding
walk, skilfully designed to lay open every beauty of the place, and be
will have no very inadequate idea of the British Tempe sung by Thomson.
We find its loveliness compounded of two simple geological elements,—
that abrupt and variegated picturesqueness for which the trap-rocks ar¢
so famous, and which may be seen so strikingly illustrated in the neigh-
bourhood of Edinburgh, and that soft-lined and level beauty—an ex-
quisite component in landscape when it does not stand too much alone-
so characteristic, in many localities, of the Lower New Red Sandstone
formation. . . . . From the hill-top, ® the far Welsh mountains, though
lessened in the distance to a mere azure ripple, that but barely roughened

# The eminence so glowingly described by Thomson :—
“ Meanwhile you gain the top from whose fair brow
The bursting prospect spreads im around,” &ec.
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the line of the horizon, were as distinctly defined in the clear atmosphere
as the green luxuriant leafage in the foreground, which harmonized so
exquisitely with their blue. The line extended from far beyond the
Shropshire Wrekin, on the right, to far beyond the Worcestershire Mal-
verns, on the left. . . . . . . In the foreground we have the undulating
trap. . . ... Next succeeds an extended plain of the richly-cultivated
New Red Sandstone, which, occupying fully two-thirds of the entire
landscape, forms the whole of what a painter would term its middle
ground, and a little more. There rises over this plain, in the distance, a
ridgy acclivity, much fretted by inequalities, composed of an Old Red
Sandstone formation coherent enough to have resisted those denuding
agencies by which the softer deposits have been worn down ; while the
distant sea of blue hills, that seenf as if toppling over it, has been scooped
out of the Silurian formations, Upper and Lower, and demonstrates in its
commanding altitude and bold wavy outline the still greater solidity of
the materials which compose it.” ¢

15. Tae WeEkIN.—The Dudley coal-field is remarkable
for the beds of volcanic grit intercalated between the upper
strata of the Coal-measures and the Permian deposits; and
which 8ir R. Murchison is of opinion were formed from
the detritus of submarine volcanos, which were in activity
towards the close of the Carboniferous epoch.t The solid
intrusive trap-rocks are of a later date, and appear in various
detached points near Dudley. The largest mass constitutes
Rowley Hill, a ridge two miles and a half long, and one
mile wide, extending from Rowley Regis to the southern
suburbs of Dudley. This trap-rock, known locally as the
Rowley-rag, is a hard, fine-grained, crystalline green-stone,
or bagalt,} being an admixture of grains of hornblende with
small crystals of felspar and quartz. This mineral appears
in a slender columnar form in Pearl Quarry, near Timmin’s
Hill, at Rowley.

¢ ¢ First Impressions of England and its People,” by Hugh Miller ;
London, 1847, p. 111, &ec. + ¢ Silurian System,”” p. 468.

1 This trap-rock supplied the materials for the important experiments,
by Gregory Watt and Sir James Hall, on the fusion and cooling of rocks §
and has of late been employed by Messra. Chance, at Ol\dbury, nest

Birmingham, in the manufacture of molten indestructible srcrteciotsh
materials.
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Little Wenlock.

Hatck-bank.

1320 feet.

The Wrekin,

E
%

1, 1,1, Trap-rock. 32,2. Quartz-rock: Lower Silurian strata altered from contact with the trap. 3. Caradoc sand-
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shale.

L1GN. 189.—BECTION THROUGH THE WREKIN TO THE VALLEY OF THE SEVERN.

4. Carboniferous limestone. 8, 5.

stone.

But one of the. most !
examples of erupted tr
part of England is that
formed the hill called tt
near Wellington in Shr.
the north-west flank of
field of Coalbrook Dale ;
must have taken place
accumulation of the Silw

- as the latter were eviden

Ag.17.)

(8il. System, p. 225, pi. 39, part of,

into intlined positions
Carboniferous were depos
a subsequent period, and
this consolidation, the coa
were in their turn pierce
versed by other intruded
igneous rock, differing :
matter, but erupted in .
lines of fissure, parallel
the Wrekin.

The Wrekin is an elliptics
a mile and a quarter long, its .
mit being 1320 feet above the
sea. It is composed of ig
having on its flanks various
the Silurian and Carboniferous
shown in the section, Lign. 18¢
mentary deposits within the inf
erupted volcanic rocks have un

siderable alteration; the sandstone being changed into gran
rock, much of which is pure white quartz, with particles of
felspar, and sometimes much resembling submarine volcanic
in some places this rock becomes a brecciated aggregate.
The igneous rock-masses are various modifications of pir

® The erupted trap forming Barrow Hill (see p. 700) it
structive example of this phenomenon.
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ted syenite, consisting of compact felspar with white quartz, and disse-
minated chlorite: in some parts the mass is made up of felspar with
green-earth and veins of carbonate of lime. To the south-east of the
Wrekin, bosses of a basaltic green-stone, of irregular shape, appear
around the village of Little Wenlock (Lign. 189).

The invaluable work to which I am indebt-
ed for most of the interesting facts thus briefly
noticed should be referred to for full details
of the geological structure and relations of
the deposits under review. The eminent
author considers that this district of Shrop-
shire affords unequivocal evidence of the al-
ternate activity and repose of volcanic action,
during very long periods in the paleozoicages ;
and that the following sequence of geological
events is clearly established :—I. that volcanic
grits were formed during the deposition of the
Lower Silurian strata ;—2. the Upper Silu-
rian rocks and Devonian sandstone were ac-
 cumulated tranquilly, without a trace of con-
$ temporaneous eruptions; — 3. after their
< consolidation, the last-mentioned deposits
% were dismembered, and set upon their edges
by vast outbursts of intrusive trap ;—4. the
i Carboniferous beds were deposited after the
older strata were upheaved ; and 5. that sub-
sequent dislocations, including some of the
most violent with which we are acquainted,
took place after the deposition of the Coal-
measures and Permian sandstone. *

* 16. Tae Marver~y Hiiws, &e.—
In Worcestershire, the different mem-
bers of the Silurian system are well
developed, and, though occupying a
narrower zone than in Shropshire,
constitute a continuous band for a
distance of between twenty and thirty

1.
4. May Hill sandstone and grit, overturned.

Breccia. 8, New Red Bandstone.

Orofl
LIGN. 190.—8XCTION THROUGH THE MALVERN HILLS.
(8. 8yst. pl. 36, Ag. 7.)

6. Old 8ilurian schistose rocks. 6.

1. Old Red Sandstone. 2. Ludlow rocks. 3.

E

Herefc~> 7~

® < Gjlurian System,” p. 235. This subject i3 ®so Aredd. K ™
# Siluria.”’
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miles ; viz. from the northern end of the Abberley Hills, to
the southern extremity of the Malverns ; “and, though the
strata are dislocated, and even through a course of fowr
miles entirely reversed, yet they maintain a prevalent inclin-
ation to the west, and dip beneath the Old BRed Sandstone
of Herefordshire. Emerging through the Silurian deposiis
and forming a buttress on their eastern flank, are certain
igneous rocks, which, in the Abberley Hills, protrude only
at intervals through the dislocated str#ta, but in the Mak
verns constitute a narrow ridge of syenite, rising to some
height above the Silurian deposits;’’* as represented in
Ligns. 190, 191.

The Malvern Hills are situated in the south-western part
of Worcestershire, and consist of an uninterrupted chain
about nine miles long, and two wide, the highest summils
attaining an altitude of nearly 1500 feet. This outling

Malvern Hills,
ZRastnor Park. Obelisk. ~
2y
Nw. - 2 [ 3
5 4 3 2 1 Eruptive Rock. Triassic Marls.

LIGN. 191.—RECTION OF THR MALVERN HILLS.¢
(8il. Syst. pl. 38, part of Ag. 8.)
1. Altered Lower Bilurian und.ltonu and schists. 2. Black schists with Olenxs 8 Nty

HIll or Upper Lland and 4 W pe 1 5 W
lock shales and llmelwnl?o

when viewed from a distance, as, for example, from the
heights above Cheltenham, is very striking, and characteristic
of their geological structure. The three highest pointsare -
the Herefordshire and Worcestershire beacons, and North

* «Silurian System,” p. 410; * Siluria,” p. 92; and Phillips’ Me-
moir on the Malvern and Abberly Hills, in the Mem. Geol. Survey, Yol
ii. part 1; also his * Manual of Geology,” p.513; and Notices Boy.
Instit. Great Brit. 1857, part 7, p. 386,

1 See also * Siluria,” p. 94 bid., 2ud edit. p. 192, &e.
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sandstone ; the quartz-rock of the Lickey gradually passing into a fossili-
ferous sandstone containing the characteristic organic remains of the
Pentamerus-zone.* A mass of trap, being the prolongation of that of the
Clent and Abberley Hills, forms the nucleus of the ridge, and appears in
the point called Lickey Beacon, on the northern end of the Bromsgrove
Lickey Hills, which consist, in great part, of Permian aad Triasic
strata.+

The Valley of Woolhope, which lies to the west of the southern extre-
mity of the Malverns, about three or four miles from Hereford, is a re-
markable instance of what geologists term a “ valley of elevation ; ” being
a dome-shaped protrusion of Silurian rocks through the Devonian dep-
sits, of which the surrounding region consists. This elevated mss
of strata is of an oval form, being six miles long, and four wide. Within
this area, the Upper Silurian strata are thrown up into concentric md
conformable masses, each dipping outwards from a common centre, and
the whole passing beneath the Old Red Sandstone. The central nuclews
consists of quartzose grits belonging to the Mayhill sandstone or Upper
Llandovery group. The trenches surrounding the central mass have
been produced by the degradation of the more perishable beds, and the
denudation of the harder rocks.}

1 must not conclude this brief sketch of the geological phenomens of
the British Silurian series, without referring to the evidences of sub-
marine and possibly sub-aerial volcanos having existed in Siluris
times.§ During the period when the Llandeilo flags and their equivalents
were accumulated over the area extending from the Malverns to Pem-
brokeshire, volcanic vents existed, whence molten matter and ashes
were ejected, and became intermingled with the detrital accumulations
of the period. The volcanic ashes were mixed up with the gravels and
sands that are now in the state of conglomerates and sandstones, and ac-
cumulated in beds that are interstratified with the mud and sand. These
igneous products were erupted prior to the granites of those districts.

The great peaked mountain-masses of Snowdon and Cader Idris, io
Wales, are formed of Lower Silurian strata interstratified with contem-
poraneous volcanic grits, and traversed by subsequent dykes and pro-

* See “Siluria.”” The quartz-pebbles so largely distributed over this
part of England, and extending into the valley of the Thames, are water
worn fragments of the rocks composing this ridge ; see p. 220,

+ ‘“Silurian System,” p. 493. 1 Ibid. chap. xxii. p. 488.

§ “Silurian System,”” chap. xxii. and xxvi. &c.; and Mem. Geol
Surv. vol, i. pp. 33 and 35.
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entire series, with a wraltitnde of 1vpical fomsls, being exhibited in very
small aress ®

The Lsle of Gothland exhidits 2 fine series of Upper and Lower Si-
lurian rorks. Throughont a large part of the province of Scaraborg, it
the south of Sweden. the Silurian strata are perfectly horizontal; the
different snbordmate formations of sandstone, shale, and limestone oc-
curring at corresponding heights in hills many leagues distant from each
other, with the same mineral characters and organic remains. It is clear
that they have never been disturbed since the time of their deposition,
except by such gradnal movemenis as those by which large aress in
Sweden and Greenland are now slowly and insensibly rising abore, or
sinking below, their former level

In Russia and the Baltic Provinces + the lower division of the Silurin
svstem is characterized, as elsewhere, by the abundance of Orthides, Lep-
tene, and other brachiopodons shells. Orthoceratites, and Trilobites; the
middle, by Pentameri ; and the upper, by large masses of corals, especially
of Favesites, Catenipora, &c. ; and the Devonian strata teem with remains
of the typical species of fishes, and with Spiriferi, Leptaens, &c. Through-
out the immense extent of Central Russia, forming nearly one-half of the
European continent, there are no inmrusions of igneous rocks; and the
whole of the deposits, from the lowermost to the uppermost, are but liftle
altered. and in many instances are unsolidified ; yet each gronp contains
the rame typically characteristic organic remains as in England. Butin
the Ural Monntains and Siberia. the formations of the same age are
thrown up into mural masses, broken into fragments, impregnated with
metalliferous matter, and exhibiting every variety of metamorphic a¢-
tion.] Yet a clear distinction may nevertheless be drawn between these
peendo-igneous masses and the true ancient crystalline rocks on which
the Silurian strata of Scandinaria rest.§

In North America a similar successi-n prevails; and we have thus
proof that the modification, extinction, and renewal of species are not
wholly attributable either to the al:eration in the course of currents, orto
the elevations or depressions of the ocean-bed. or to other more orless locs!
canses, but depend on some general laws which govern the entire animal
kingdom, It is, too, most remarkable, that in Russia, where the de-

¢ See Sir R. L. Murchison's Memoir on the Geology of Sweden, 1
Geolozical Society’s Journal, vol. iii. p. 1 ; * Siluria,” p. 316, &c.

t “ Geology of Russia in Europe and the Tral ; ” and * Siluria.”

3 Qnart. Journ. Geol. Soc, vol. xiv. p. 36, &c.

§ “ Siluria,” p. 437.
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Vegetables.—Although beds and patches of culm, anthr-
cite, and bituminous shale occur here and there in the lower
palwozoic rocks # (Silurian and Cambrian),yet plant-remains
are extremely rare. Indeed, it is not yet proved for certain
that the old anthracitic schists owe their origin to the de-
composition of masses of seaweeds, rather than of zoophytes}
and what have been regarded as fossil Fuci may often really
be the casts of worm-tracks.} This is certainly the case with
Scolithus linearis of the Potsdam sandstone and Linguls-
flags,§ and probably with respect to the * Fucoides Har
lani,” abounding in the Silurian rocks of the Alleghany
Mountains. The latter are short, curved, subcylindrica,
wrinkled, overlapping bodies,sometimes formingentire layers,
one hundred of which occur in a thickness of twenty feet.]

It is in the Uppermost Silurian (Tilestone) only that, %
yet, seed-vessels and woody relics of terrestrial vegetation
have been found in England. These are of the Lycopo-
diaceous type.§

In the flagstones of Magdesprung,** in the Hartz, however,
which are most probably of Upper Silurian age, M. Bischof
has discovered several specimens of plant-like fossils. Some
at least of these appear to be portions of stems or branches,
gomewhat resembling those known under the names of
Knorria and Sigillaria in the Devonian and Carboniferos
strata.

19. SILURIAN Z0oPHYTES, ECHINODERMS, AND A NNELIDES:
—The Porifera do not appear to have been frequent in the
Silurian seas, if we are to judge by the general absence of

® See “ Siluria,” Appendix ; Rep. Brit. Assoc. 1844, sect. p. 156, &

+ See Harkness, Quart. Journ. Geol, Soc. vol. xi. p. 471,

1 See above, page 808. ¢ *Siluria,” 2nd edit. p. 4.

| Dr. Harlan’s “ Medical and Physical Researches,”” p. 399. )

« Strickland, Quart. Journ. Geol. Soc. vol. ix. p. 10; and Salter, b
vol. xiv. p. 76. * Siluria,” 2nd edit. p. 267, note.

*#+ Quart, Journ. Geol. Soc. vo. xi. p. 432.
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Of the corals, the Chain-coral (Cateinpora or Halysile,
p- 653), Omphyma (p. 650), Cyathophyllum, and many large
species of Alveolites, Favosites, Heliolites, &c., are among the
prevalent forms. They abound mostly in the Wenlock
group, and are often aggregated and cemented together into
large masses of limestone, on the surface of which the
stars or cells of the corals appear in relief. The slabs of
Dudley (or Wenlock) limestone, embossed with these fossils,
must be familiar to every intelligent observer; indeed, from
the profusion of trilobites, shells, and corals displayed in
relief on the surface of the slabs of this limestone, many of
the specimens are of surpassing interest ; they are, indeed,
tablets of stone, inscribed with the typical hieroglyphics of
the paleozoic ages.

The Graptolites* are peculiarly characteristic of the
Silurian rocks. They are small, narrow, thin, saw-shaped
fossils; straight, curved, or spiral; and either simple or com-
plex in their stems and polyp-cells. They are often thickly
scattered on the surfaces of flagstones. Generally black
sometimes bright grey (Sardinia), they catch the eye by the
distinctness of their general form, though the strictest seru-
tiny of the naturalist is required to distinguish the varying
characteristics of their protean structure. Whether they
be allied to the existing Alcyonaria or to the Bryozos,
undecided.t

Bryozoa } are not unfrequent in the lower paleozoic rocks.

Members of the Crinoid division of the Echinodermats
abound in the forms of Actinocrinus, Cyathocrinus (p. 664)

and those of Sardinia are beautifully figured in the magnificent work o
De la Marmora. The Geological Society of France also have published
many Memoirs illustrative of the paleozoic fossils of France, Spain, &
* Medals, p. 255. Barrande, Scharenberg, Geinitz, J. Hall, Salten
M‘Coy, and Harkness have of late years especially studied and illustrated
the Graptolites, See also “Siluria,” chapt. 3.
t See pp. 614 and 629, 1 See above, pp. 601 and 611.
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rock of North America, is in many places divided into lamine
by the remains of innumerable shells of the genus Linguls.
They are in such profusion as to form black seams like mics, -
and are accompanied with another small placunoid ehel,
which is also associated with a small species of Linguls in
the lowest beds of the Llandeilo series of Wales. Here
then, in the most ancient term of organic life is a shell be-
longing to a genus not extinct, and very like a species still
living.*

A species of Ungulites or Obolus (a small orbicular horny
shell) occurs in the inferior limits of the fossiliferous deposits
in Russia,} occupying the same geological position as the
Lingule in the Lower Silurian beds of Wales and North
America above cited.

Ambonychia, Avicula, Pterinea, Arca, Cleidophorus, Modi-
lopsis, Nucula, and Orthonota are most of the principal
bivalves. The Pteropoda, such as Conulariat and Thecs§
were plentiful ; and of large size, compared with the existing
species. Of Gasterdpoda there were numerous forms : Euom-
phalus, Holopella, Murchisonia, Pleurotomaria, and some
shells resembling the recent Zrochus and Turbo, were pre-
dominant. Aecroculia (like a Capulus) was not unfrequent |
in some localities, and attained a large size.|] Chiton-like
gasteropods (Helminthockiton) also existed. The Bellero-
phon, a genus which, like many of its associates, lived on into
the Carboniferous seas, had many species in the Silurian.
The Cephalopoda however, were the master-forms** of

* Lyell’s “ Travels, N. America,” vol. ii, p. 157

t “Geology of Russia,” vol. ii. p. 292.

1 Specimens more than a foot long are preserved in M. Barrande's it*
valuable collection of Bohemian fossils,

§ In the Lower Silurian, five inches is a not unusual length for the
Thece ; they are smaller in the Upper Silurian : the living species are of
microscopic size.— Barrande,

I Five inches long, in Bohemia.— Barrande. o Medals, p. H-

## Nearly 300 species, some of them of large forms, occur in Bohemis
—Barrande.
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palzozoic formations, and almost exclusively to the most
ancient fossiliferous deposits; for, while. the Silurian rocks
teem with the relics of hundreds of species,* but few, com-
paratively, occur in the Devonian and Carboniferous.

These remarkable crustaceans had the body protected by
a strong dorsal case or shell composed of numerous annulsr
segments, and generally divided into three lobes by two lon-
gitudinal furrows or depressions. The head and the tal
are each covered by a single piece.” The eyes of most of the
genera are very large and reticulated, consisting of numer
ous distinct facets or lenses, as in other crustaceans, and are
implanted on the cephalic buckler. No traces of pats, feet,
or swimmers have been detected, and it is therefore sup-
posed that these appendages were composed of a soft and
perishable substance.t

One of the most common species of Trilobite is the Caly
mene Blumenbackii, commonly known as the “ Dudley fossil
Insect” or “Locust,” and which has long attracted the
attention of collectors ; } this crustacean is found either at-
tached by the under surface to the rock, as in Lign. 192, or
coiled up like an Oniscus, or wood-louse.§ Some kinds, s
the Calymene, could coil themselves into a ball like the
wood-lice; while others had the central segments alone
moveable. The Trilobites vary exceedingly in form and
magnitude ; some not exceeding a few lines, while others
are eighteen or twenty inches in length.

* In Bohemia alone 252 species have been recognised by M. Barrande.
See his richly illustrated work on the Silurian Basin of Bohemia.

+ See Medals of Creation, pp. 532—542, for an account of the Trile-
bites, and for references to monographs and descriptions. The notices
of the Trilobites in Sir R. Murchison’s  Siluria’” must, however, b
carefully consulted, as comprising the latest and most complete account
of the distribution of this genus.

1 This Trilobite was figured and described by Lhwyd in 1698.

§ Medals of Creation, p. 533 (Lign. \15, fig. 4).
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of the common house-fly is composed of eight thousand distinet visus!
tubes; that of the dragon-fly, of nearly thirteen thousand; snd of &
butterfly, of seventeen thousand. The Trilobite, like the Limulus, ms
furnished with two compound eyes, each being the frustrum of a cone,
but incomplete on that side which is opposite to the other. In Phacop
upwards of 200 lenses have been detected in each eve; but in genenl
the lenses have fallen out, as often happens after death in the eyes ofthe
common lobster. The eyes of Eglina are very large, and each eye con-
tains more than 1500 facets; but the eye of Brontes palifer preseas
more than 30,000 facets (Barrande). Thus, observes Dr. Buckland, ve
find in the trilobites of these early rocks the same modifications of the
organ of sight as in the living crustaceans. The same kind of instro-
ment was also employed in the intermediate periods of our geological
history, when the secondary strata were deposited at the bottomof 8
sea inhabited by Limuli, in those regions of Europe which now form the
elevated plains of central Germany. But these results are not confined
to physiology: they prove also the ancient condition of the seas and at-
mosphere, and the relation of both these media to light. For in thoe
remote periods the marine animals were furnished with instruments of
vision in which the minute optical adaptations were the same as those
which now impart the preception of light to the living crustacea. The
mntual relatinns of light to the eye, and of the eve to light, were, there-
fore, the same at the time when crustaceans first existed in the bottom of
the Silurian seas as at the present moment.*®

23. StierIAN Fisues.—Of the vertebrate animals, the
relics of a few species of small placoid fishes, and a few others
of the ganoid group and cephalaspid family,t found in the
Upper Ludlow rocks, are the only vestiges hitherto obtained
from the immense series of strata composing the Silurisn
svstem (of Murchison),—the Silurian and Cambrian series of
Sedgwick.

From the presence of Cephalaspis (afterwards so plentiful
in the Old Red Sandstone) amongst these Ichthyolites, and

¢ Bridgewater Treatise, pp. 395—404, where the subject i< ably eluci-
dated, and placed before the reader in a striking point of view.

+ See Table, p. 2. For the latest information respecting Silurian
f:sh-remains, see Quart. Geol. Journ. vol. ix. pp. 12 and 16 ; ibid. wl.
xui. pp. 2%2 and 290 ; and “ Siluria.”
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their association with Prerygotws. which also becomes abund-
titly developed in the Forfarshire shales, the uppermost
Ludlow rocks of Britain evidently mark the transition from
the Silurian to the Devonian epoch: that is, these beds
Were being deposited during the period (probably of great
duration) when, coincidently with some important reirrange-
Ment in the distribution of land and sea, the precursors of
hew tribes of animals advanced upon the shallowing area of
the old sea-bed, before the existence of the ancient forms of
life was terminated.

Most of the ichthyolites occur in two thin brownish banda,
called “the Ludlow Bone-beds;’ the lower one of which,
though only a few inches thick, has been traced for more
than forty miles. It consists mainly of animal detritus,
namely, the bones, teeth, scales or shagreen, fin-bones, and co-
prolites of small fishes. This deposit resembles the bone-
bed * at the base of the Lias.

24. STRUCTURE OF SLATE-ROCKS.—Many of the older pa-
l®ozoic rocks of Britain, America, and elsewhere have been
not only hardened by chemical and mechanical agencies, but
converted into shivery or schistose rocks, traversed by nu.
merous joints ; and sometimes they are separable into thin
regular plates or slates. These changes have taken place,
also, in some of the Devonian and Carboniferous rocks; and,
in the Alps and other places, even the Cretaceous and Ter-
tiary rocks have been similarly altered.

Schists and slates almost universally occur on the flanks of mountain-

masses, rising up into lofty peaks, and dipping beneath the newer sedi-
mentary deposits: thus Skiddaw, Sea-fell, Coniston-fell, and Saddleback

m Cumberland, peaks 3000 feet high, are schistose and slaty rocks
‘hrown up by a central mass of granite.

® See p. 524. This latter bone-hed, having much the same relation to
he Trias as the Ludlow bone-beds have to the Silurian, has been traced
or upwards of forty miles in the West of England, besides taning,
een recognised over & wide area in Germany.
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Shales are either hard or soft argillaceous rocks, easily splitting along
the planes of bedding or of sedimentary deposition ; Schists are hard
rocks, of argillaceous or silicious composition, which are laminated and
shivery chiefly along the planes of bedding ; in Slates, on the contrary,
the laminated structure is due to divisional lines, called planes of clesoags,
which fraverse the planes of bedding, in what were originally strata o
fine argillaceous sediment.

LIGN, 196.—SLATE-ROCKS AND GRAPTCLITE-SCHISTS AT ABEREIDDY BAY, NEAR 8T
DAVID'S, PEMPROKESHIRE. (“ Silurian Bystem,” p. 399.)

. The lines of cl

ge and straty i ident.)
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LIGN. 197.—8ECTIONS OF SLATE-ROCKS.

rig, 1. Bection near Llandovery. Quartzose grit and sandstone ; 4, a, planes of bedding; Wb
quartzose veins. The highly inclined lines mark the planes of slaty cleavage

Fig. 3. Bection of slate-rocks at Wi d Bay, F ; the age and tism o
stratification divergent.

It is often difficult to define schistose and slaty rocks ; and there s
also rocks distinguished from either by their lines of division (often #
widely apart) being termed planes of foliation, such as are seen it
most of the gneissose rocks. ‘The fneness of grain, general aspect, hard:
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an enormous scale, which the rocks in contiguity to the deep-sested
igneous masses have suffered, and, probably, are still undergoing.*

25. Review oF THE Lower Parmozoic Sgris—In
conclusion, I will briefly review the leading phenomena which
have been brought under our notice in the course of this
Lecture.

The strata comprised in the Silurian or Cambro-Silurisn
series present all the usual characters of marine sedimentary
deposits. The fossils comprise traces of marine worms
throughout the series, many corals, chiefly in the upper
limestones, numerous crinoids, inmense numbers of extinct
forms of the lower crustacean tribes, and of brachiopodous
mollusca, with many of the lamelli-branchiate, gasteropodous,
pteropodous, and cephalopodous families. The fishes come
in late in the series, together with scanty relics of terrestri-
al plants. The marine vegetation of the period is indieated
only by obscure fucoidal markings, and possibly by the oc-
casional anthracitic and bituminous bands of the lower rocks.
These organic remains belong, for the most part, to peculisr
generic types, mostly ranging throughout the fossiliferous
Cambro-Silurian strata, and some extend into the upper pa-
lwozoic formations, but none occur in the secondary deposits.

In fine, the lower pal@ozoic rocks (the,* Silurian and Cambnan," of
Sedgwick, or “ Upper Silurian, Lower Silurian, and Bottom-rocks,” of
Murchison) have resulted from marine depositions, going on through im-
mense periods of time, in seas swarming with zoophytes, crinoids, crusts-

* The papers by Sedgwick and D. Sharpe, on Cleavage, are to be
found in the Geolog. Transact. and Journ. ; Mr. Sorby’s papers in the Phil
Mag. and Edinb. N. Phil. Journ. Their researches, together with those
of Darwin, Hopkins, Tyndall, Rogers, Haughton, and others, are admir-
ably collected and illustrated by Prof. Phillips, in his  Report on Clea’-
age,” to the Meeting of the British Assoc. 1857. See also Sir R. Mur
chison’s concise résumé of the facts and hypotheses relating to the
interesting subject of Cleavage, in ** Siluria,”” 2nd edit. chapter 2. For
some remarks on Metamorphism of Rocks, see further on, Lect. viile
part 2.
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o408, and molluscs, and ultimately with fishes. Much of the lower
Portion of this great sedimentary series has been subjected, since its ori-
8nal deposition, to metamorphic influences, by which the sedimentary
characters have been either greatly modified or entirely obliterated ; still
Some of the “‘ bottom-beds*’ (Longmynd) are even less altered than great
Dortions of the succeeding groups of Llandeilo and Caradoc.

Some eminent geologists are of opinion, that there is a line in the de-
8cending series of strata,where organic remains entirely disappear ; and that
this line is by no means cobrdinate with mineral changes induced by igneous
action. As regards the absence of fossils in the porphyriferous schists
of Llandeilo age, it may be in part attributable to the obliteration of all

vestiges of organic remains, in consequence of the high temperature to
which they have been exposed; or animals may not have been capable
of living in an ocean subjected to continual incursions of igneous matter.

But the bottom-rocks are sometimes not so much altered but that fos-
sils might be detected in them, if present ; and this, to some extent, has
been put to the proof, at Bray Head and the Longmynd, by Dr. Kinahan
and Mr. Salter,® who have thus extended our knowledge of primeval
animated nature into periods once thought to be *“ azoic.”” What further
glimpses into the natural history of the primordial regions we shall ob-
tain, the persevering and active researches of intelligent collectors will
alone show.

With the Oldhamia of Ireland, the Paleopyge of the Longmynd, and
their associated Arenicolites, we lose at present all positive evidence of
the presence of organic beings on the surface of the primordial earth;
but it would be rash to assume that these most ancient fossils are the
relics of the earliest living things that tenanted our planet. Well has
Sir C. Lyell remarked, that “ it is too common a fallacy to fix the era of
the first creation of each tribe of plants or animals, and even of animate
beings in general, at the precise point where our present retrospective
knowledge happens to stop.” +

* See above, p. 808.
1+ See also “ Travels in North America,” vol. ii. p. 125, &c.

3un2



LECTURE VIIL

PART IL—THE VOLCANIC AND HYPOGENE ROCKS.

1. Introductory. 2. Nature of Volegnlc Action. 3. Earth 4. Earthq o
Lisbon. 5. Phlegrsean Fields, and the Lipari Isles. 6. Ischia and Vesuvins. 7. Strue-
ture of Volcanic Mountains. 8. Volcanic Products. 9. Lava-currents, Dykes, and

Veins. 10. Eruptions of Vesnvhu. 11. Heérculaneum and Pompefi. 12. Conservative

effects of Lava . O Remains in Lava. 14. Mount Etna. 15. Valdel
Bove. 16. Volcano of Kﬂwuet 17. Mr, Stewart’s visit to Kilanea. 18. Volcano of
Jorulla. 19. Submarire Vol 20. y of Vi ic Ph 21. Hyp-

gene Rocks, 22. Mica-schist and Gneiss. 23. Contorted Crystalline Rocks. 24. Basalt
or Trap. 25. Isle of Staffa. 26. Strata altered from contact with Basalt. 27. Trap-
dykes in the Isle of Sky. 28. Granite. 29. Granitic Eruptions. 30. Metamorphism of
Rocks. 3l. Precions Stones. 32. Metalliferous Veins. 33. Auriferous Alluvia, 34. Cu-
preous Deposits. 35. T of Metals. 36. Revlew of the Hypogene Rocks.
37. Organic Remains in metamorphic Rocks. 38. Ch gy of M hains. 8
Systems of Elevation. 40. The Great Caledonian Valley. 41 Stmcture of Ben Nevis.
42 4. 8 ive changes in the Organi 44. Geological
effects of Dynamlcal and Chemical Action. 45. Strau posed of Organic R i
46. General Inferences. 47. The Anclent World. 48. Corollary. 49. Final Effects.
50. Concluding Remarks.

1. IxTroDUCTORY.—We have now passed the boundary
which separates the animate from the inanimate world, and
have entered those regions of geological research in which
all traces of organized beings are absent, and various modifi-
cations of mineral substances are the only objects that meet
our view. The rocks no longer exhibit those organic
characters by which we were enabled to decipher the
natural records of the past, entombed in the fossiliferous
strata; but they are inscribed with hieroglyphics whose
meaning is often obscure and frequently unintelligibde, and
mapy of which admit of a double interpretation.
The " Al effects of waker as o 2, sverywhere s0
wi mentary formeXions, are no\onger vy
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is referred by Humboldt to the influence exerted by the
internal heat of our planet on its external surface ; by which
concussions of the land, or earthquakes, and the expansion
or elevation, and the subsidence or contraction, of large
portions of the solid crust of the earth have been produced.
The number of existing volcanos is estimated at about 200,
of which 116 are situated in America or its islands.

In the previous discourses, many of the effects of igneous
agency came under our notice,* namely, the subsidence and
elevation of the Temple of Serapis (p. 106), the gradual rise
of Scandinavia (p. 116), the upheaving of the sea-coast of
Chili (p. 112), and other mutations of a like nature. As we
successively examined the tertiary, secondary, and palamozoic
or primary formations, proofs that similar phenomena had
taken place during every geological epoch were equally
manifest ; the geographical distribution of the foci of vol-
canic action was found to have varied, but throughout the
cycle of physical changes contemplated by Geology, the vol-
cano and the earthquake appear to have been in ceaseless
activity.
and of Thermal Springs, &c.,”” will be found a full and classified list of
British and foreign works on the same subjects previous to 1848. The
first volume of Humboldt’s inimitable *“ Cosmos * has a section devoted
to the subject of Volcanic phenomena, and supplies many references to
Von Buch, Arago, Bischof, Prévost, Gay Lussac, and other continentsl
authors. Abich, Deville, de Beaumont, Dolomieu, and Scacchi are
other European geologists who have written valuable treatises on Volca-
nos; and Dana heads the list of American volcanists. Earthquakes and
their associated phenomena have necessarily been treated of by many of
the above-named geologists ; but M. A, Perrey, of Dijon, and Mr. Mallet,
of Dublin, have especially taken up the subject, in some of its aspects:
the results of the researches of the latter will be seen in the Reports of
the British Association ; the publications of M. Perrey may be found i
the Memoirs of the Scientific Societies of Paris, Lyons, Brussels, &c. Tl?e
student is particularly recommended to read the chapters on Volcani¢
Rocks and Action, in Lyell’s ¢ Manual of Geology,” 5th edition.

* A concise view of the effects of high temperature and of volcanic
action on the earth’s crust was given in the first Lecture, vol. i. p. 103.
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solid crust of the globe, denominated Earthquakes, are ver
tical, horizontal, or gyratory oscillations of the land rapidly
succeeding each other; and are caused by the expansive
efforts of elastic fluids confined in subterraneous cavities.
The craters of volcanoe are the vents through which theim-
prisoned gases and vapours, and the incandescent mineral
matter, force their way to the surface: they are, in fact, the
safety-valves of the vast reservoirs of gaseous elements which
are contained in the profound depths of the earth. Hencs,
if the action of a volcano be impeded, earthquakes are com-
monly induced, and the equilibrium of the land is not
restored until the crater resumes its activity, or the impri-
soned gases escape through other channels.®* A column of
smoke which was seen for some months to rise from the vol-
cano of Pasto in South America suddenly disappeared, when,
on the 4th of February, 1797, the province of Quito, 193
miles to the southward, was visited by the great earthquake
of Riobamba.t

The focus of volcanic action must be at an immense dis
tance from the earth’s surface, though no rational conjecture
can be formed either of its depth or of the chemical nature
of the compressed fluids: but the vast areas over which the
undulations sometimes extend are proofs of the tremendous
power of these subterranean forces.

4. EArTuQUAKE OF LisBoN.—The earthquake of Lisbon,
in 1775, which suddenly destroyed 60,000 persons, was the
most extensively felt of any on record. Its effects were
perceived over the whole of Europe, the North of Africa,
and in the West Indies: and it is computed that a portion
of the earth’s surface four times the extent of Europe was
simultaneously affected. The enormous undulations of the
sea by which it was followed, and that; swept along the

* The explosion of a steam-boiler from the closure of the safety valve
is a familiar example of this phenomenon.
1 IHumboldt’s Cosmos, vol. i. p. 211,
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coats of Spain, Portugal, and Africa, are supposed to have

&risen from the sudden upheaval or subsidence of a vast area

of the bed of the Atlantic Ocean, beneath which the prin-

cipal focus of the subterranean disturbance appeared to be
titsted. The effects of this earthquake were felt in many
parts of England, Scotland, and Ireland, and even as far as
Norway : the waves occasioned by the concussion reached
our southern shores ; and the waters of Loch Ness, and of
other inland lakes (at Salzungen, for instance), were simul-
taneously agitated. Even the thermal springs of countries
remote from the catastrophe were affected ; those at Top-
litz in Bohemia, which for centuries had flowed in a pure
and equal stream, suddenly ceased, and then burst forth in
a flood of turbid water of a very high temperature.

Humboldt remarks, that it is probable that the earth’s
surface is always disturbed at some one point, and that it is
incessantly affected by the reaction of the interior against
the exterior. The permanent elevation of extensive tracts by
earthquakes sometimes take place ; as on the coast of Chili,
in 1822 (p. 112), and in New Zealand, 1855 ; and they are
often accompanied with eruptions of mud, steam, hot water,
carbonic acid gas, and other elastic fluids

The present grand European centre of volcanic action is
in Southern Italy, which has for ages been in a state of
energy ; Etna, Vesuvius, and the Lipari Isles being the vents
through which the incandescent materials have escaped.

5. TeE ParEerEAN F1erps aNp Lipar1 Isues.—The
volcanic region of Naples consists of a linear group of cones,
ranging N.E. and 8. W, and terminating at its extremities
by the two principal mountains, Ischia and Vesuvius; the
Iatter seems to be connected by the intervention of minor
vents with the group of Albano and of Rome; the seven
hills of the Eternal City being for the most part voleanic
mounds.*

* Mr. G. Poulett Scrope, Geol., Trans. 2nd ser. vol.i. . 351, Tndwm
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The district of Puzzuoli and Cume, on the Bays of Baiee and Naples,
is called the Phlegreean Fields, and in it are situated Monte Nuovo,
Monte Barbaro, the Solfatara, and the Temple of Serapis. This tract
presents a series of cones and crateriform basins ; some of which contain
lakes, as those of Avernus and the Lucrine. These volcanic mounds are
formed of felspathic tufa, occasionally containing marine shells and car-
bonized wood, and-are covered by beds of loose tufaceous conglomerate,
They are supposed by Mr. Scrope to have been produced by numerous
submarine eruptions, each from a fresh focus, on a shallow shore.*

The volcanic cone termed the SoLFATARA, s0 well known from its in-
cessant emission of torrents of aqueous and sulphurous vapour, through
superficial fissures, is recorded as having been in a state of activity in the
year a.p. 1180. Mr. Scrope supposes the present crater to have been
formed at that period; and he attributes the constant emanations of
sulphuretted hydrogen to the effect of a mass of lava still existing be-
neath at an intense temperature. The chemical changes effected by the
immediate conversion of " this gas into sulphuric acid, from combination
with the oxygen of the atmosphere, and the subsequent action of the acid
on the tufas, trachytes, &c., giving rise to sulphates of alumine, iron,
lime, magnesia, soda, &c., while the silex is left nearly pure in the state
of a white earthy powder, are in the highest degree interesting.t

The earthquakes of 1538, which were followed by an eruption of mud,
pumice-stone, and ashes that burst forth from a gulf near the town of
Tripergola, and formed the volcanic mound called Monte Nuovo, and by
the permanent elevation of the coast to beyond Puzzuoli, were mentioned
in a former Lecture (p. 108).1

Quart. Journ. Geol. Soc. vol, vi. p. 281, &c., is a most interesting paper
by Sir R. Murchison, “On the Earlier Volcanic Rocks of the Papal States,”
referring to the labours of Italian geologists, and especially treating of the
tracts north of Rome,—the travertines, past and present,—the volcanic
rocks of Latium,—and lastly, the probably subaqueous origin of thess
volcanic ejectamenta and craters, and their elucidation of some points io
the history of * craters of elevation.”

* Scrope on Volcanos, p. 179.

+ Geol. Trans. 2nd ser. vol. ii. p. 345. See also above, vol. i. p. 76
and Sir H. Davy’s remarks on the Lake of the Solfatara, Appendix t0
vol. i, p. 463.

1 A letter on the formation of Monte Nuovo, by an eye-witness, is still
extant: a translation of it, by Mr. Leonard Horner, is published in the
Quarterly Journal of the Geological Society of London, vol iii. part%
Miscell., p. 19.
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The Lipari Isles, between Naples and Sicily, lying, as it were, mid-
way between Vesuvius and Etna, present a character very analogous to
the district above described. The crater of one of the islands, Strom-
boli, has been in constant activity from the earliest historical period.
It always contains melted lava in constant motion, and at uncertain in- ,
tervals the molten mass suddenly rises, and large bubbles appear, which,
upon reaching to the brim of the crater, explode with a sound resembling
thunder, and masses of lava, with dust and “smoke, are thrown into the
air ; the incandescent fluid then sinks down to its former level.*®

The cliffs of St. Calogero, which are about two hundred feet high,
and extend four or five miles along the coast, consist of horizontal beds
of volcanic.tuff. From the perennial emanation of sulphurous vapours,
the rocks are decomposed ; alum, gypsum, and other sulphuric salts are
formed, as well as muriate of ammonia and silky crystals of boracic
acid. The dark clays have become yellow, white, red, pink, &c., and
marked with stripes of various colours, from the gaseous emanations that
are constantly issuing from beneath: these mottled clays strikingly re-
semble in appearance the variegated strata of the Trias (p. 544). Veins
of chalcedony and opal occur, and pumice-stone and obsidian are abund-
ant. Dykes and veins of trachyte intersect the tuff in every direction
(Lign. 197, fig. 1), like the intrusions of trap in the ancient sedimentary
formations.

6. Isom1a AND VEsUVIUS.—The celebrated mountain of
Vesuvius is about four thousand feet high, and its crest is
now broken and irregular; but when Northern Italy was
first colonized by the Greeks, “ its cone was of a regular form,
with a flattish summit, where the remains of an ancient
crater, nearly filled up, had left a slight depression, covered
in its interior by wild vines, and with a sterile plain at the
bottom.” From the earliest period to which tradition refers,
to the first century of the Christian era, this mountain was
in a dormant state, and the neighbouring isles of Ischia and
Procida were the theatres of constant explosions and earth-
quakes. The early Greek colonists who attempted a settle-
ment were obliged to abandon the territory, in consequence
of the frequency and violence of the subterranean move-
ments.

* Spallanzani; Scrope “ On Volcanos," p. 8.
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Ischia.—But gubsequently to the great outburst of Vesuvius, Ischia
has been almost entirely dormant ; and it is therefore inferred that the
latter volcano was the vent through which the elastic fluids and incax-
‘descent materials of the subterranean fires of Italy escaped before Vesu-
‘vius resumed its activity. Ischia has numerous cones ; the central one,
Epomeo, is 2600 feet high, and has traces of two large craters om its
summit. This mountain appears to have been submarine at its origin,
but, since its elevation above the sea, other eruptions have burst out at
various points ; and a lava-stream that issned from its base is still arid,
and covered in parts with cindersand scoriee. The materials erupted by
the cones of Ischia are, for the most part, trachytes or felspathic lavas.

Vesuvius.—In the year 63 of the Christian era, Vesuvius exhibited the
first symptom of internal change, in an earthquake which occasioned
considerable damage to many neighbouring cities, and of whose effects
traces may yet be witnessed among the interesting memorials of the
awful catastrophe which soon afterwards took place.® -After this event,
slight shocks of earthquakes were frequent, when on the 24th of Augnst,
in the year 79, a tremendous eraption of the long pent-up incandescent
materials of the volcano burst forth, and spread destruction over the
surrounding country, overwhelming three cities, with many of their in-
habitants, and burying all traces of their existence beneath immense ac-
cumulations of ashes, sand, and scoriee. All the fearful circumstances
connected with this event, and the attendant physical phenomena, are so
well known, that it is unnecessary to dwell upon the subject.

From that period to the present time, the internal fires of Italy have
resumed their ancient focus, and Vesuvius, with occasional periods of
tranquillity, has been more or less energetic.t

7. StrUcTURE OF VoLCANTC MOUNTAINS.—AS the present
active volcanos for the most part emit streams of lava,
showers of ashes, cinders, and scoriee, and floods of mud or
tuff, their cones consist of erupted materials disposed more
or less concentrically ; and where sections are exposed, the
beds have what is called a qud-qud-versal dip; that is, they
regularly incline on every side of the mountain. These are
termed Craters of Eruption ; they eonsist of successive strata

# Daubeny on Volcanos, 2nd edit. p. 220.
4 For a sketch of the history of Vesuvius, see Scrope, Quart. Journ.
Ganl. Soc. vol. xii. p. 337.




87 STRUCTURE OF VOLCANIC MOUNTAINS. 847

of volcanic matter poured out from a fissure or vent, com-
municating with the deep-seated focus of igneous action. -

The central crater of another class of volcanic mountains
is formed of preéxisting horizontal rocks and strata, that
have been forced into highly inclined positions by a sudden
and- violent upburst of incandescent mineral matter, or by -
the expansion of elastic vapours. A dome or cone is thus
produced, with a central opening, around which the uplifted
strata are concentrically arranged ; being covered to a greater
or less extent: by the materials. poured out by subsequent
eruptions. These have been termed Craters of Elevation, by
Von Buch. The structure of such volcanic mountains will
be readily understood by referring to the sections of the
‘Wren’s Nest (p. 811), and of Crich Hill, near Matlock (p,
699), both of which are examples of originally horizontal
‘strata elevated into a dome by a protrusion of volcanic matter.
If in either of these instances the upheaving force had been
sufficient to propel the trap through the middle of the dome,
a crater of elevation would have been formed, through which
the igneous matter would have escaped. It is by a move-
ment of this kind, as we have already had occasion to explain,
that valleys of elevation have been produced (p. 818).

From Mr. Scrope’s observations* on the structure of
Vesuvius we obtain the following general sketch of the
character of Vepuvius and of its older form, as Somma;
and this will serve to explain the formation of craters of
eruption :—

Vesuvius is an exceedingly regular mountain on a small scale. All
the visible lavas, and the greater part of the conglomerates, are basaltic;
and, owing to the great fluidity of lavas of this mineral character, they
have, when produced from the common vent, taken their course in spread-
ing sheets down the outer slope of the mountain; while the scorie and
fragmentary substances, projected at the same time into the air, were

*® Geol. Trans, 2nd ser. vol. ii.p. 3MW,
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spread pretty evenly over them; so that the result of successive erup-
tions of this kind has been the formation of a regularly conical moun-
tain, with a gradually diminishing slope on all sides, from the central
heights to the plain around; exhibiting in the ravines that furrow its
sides, as well as in the abrupt sections afforded by the walls of the great
crater, its composition of repeatedly alternating beds of basalt and basaltic
conglomerates, more or less irregular in thickness, but dipping uniformly
on all sides away from the vent, with an inclination corresponding exactly
to the external slopes of the mountain.

The eruptions of Vesuvius seem very rarely to have taken place from
any other than the central vent; a few small cones immediately above
Torre del Greco, thrown up in 1794, and the cone on which the Camaldoli
della Torre is built, are the only indications of explosions having burst
from the sides of the mountain. The vast number of vertical basaltic
dykes which intersect the horizontal beds observable in the broken cliffs
of the old crater (Atrio del Cavallo) bear witness, however, that the lava
was not so frequently elevated to the summit of the mountain, without
occasioning numberless cracks and rentsin its internal structure. There
is great reason to conclude that the old crater of Somma, whose steep
walls now half encircle the cone of Vesuvius, was formed by the cele-
brated eruption of the year 79, which occasioned the death of the elder
Pliny, and buried Herculaneum, Pompeii, and Stabize beneath a bed of
ashes and fragmentary scori®, &c., from thirty to one hundred feet in
thickness.

8. Vorcanic Propucts.*-—Before we pass to the con-
sideration of the phenomena attendant on a volcanic erup-
tion, we will examine some of the principal minerals which
enter into the composition of the lavas and other substances
ejected from volcanos.

Lava is a term applied to any mineral matter, liquefied by heat, that
has issued in a stream or current from a volcanic aperture: when con-
solidated by cooling, it may consist either of scorie, pumice, obsidian,
trachyte, basalt, &c., according to its mineral composition, and its slow
or rapid refrigeration. The greater or less degree of pressure under
which the solidification either of liquid or merely softened mineral sub-
stances takes place—as, for example, in the open air, or at the bottom of
the sea, or in deep-seated subterranean cavities—appears to be the prin-

¢ See Lyell's ¢ Manual’ coep. W,
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cipal cause of the difference between the ancient plutonic and the modern
volcanic rocks.*®

Among the products of modern volcanos five of the metals occur;
namely, iron, copper, lead, arsenic, and titanium ; besides selenium, boron,
&c. The number of simple minerals found in the rocks of Vesuvius amounts
to at least 400 species; and many of them are of great beauty. Specular
iron is common in the cavities of the hard lavas. In some of the ancient
Vesuvian lavas there are decided indications of a concretional and pris-
matic structure, and a tendency to divide into columns, like the basaltic
rocks.

Aqueous vapours are emitted in abundance from volcanos, and often
from their condensation give rise to copious springs. The gaseous eman-
ations from the fumaroles, or lesser vents, frequently contain chlorides
of lead, iron, copper, ammonia, soda, &c.

The lofty volcanic peaks which reach far above the limits of perpetual
snow, as those of the Andes (Cofopazi, which is 19,070 feet high), are
frequently the cause of frightful inundations from the sudden melting of
the snow, occasioned by the evolution of heat during an eruption. Torrents
of water, bearing along both heated masses of scorie and blocks of ice,
rush down the sides of the mountains, and overwhelm the plains below.
Water from the melted snow is also continually finding its way into the
hollows and fissures of the trachytic rocks, and vast subterranean lakes
are thus formed in the interior of the volcanic mass: and when these re-
servoirs are burst open by the earthquakes that precede eruptions, water
and tufaceous mud, not unfrequently accompanied with swarms of fishes
that inhabited the internal pools, are ejected with great violence.

The chief constituents of lavas are the substances termed felspar and
augite, and the lavas are classed according as either of these ingredients
predominates. When the felspar prevails, the mass is called Trachyte,
which is generally of & coarse grain, with a harshness of texture, and a
considerable degree of porosity; when the grain is fine and compact,
but irregular, it constitutes Trachytic porphyry ; when the particles are
so fused as to have a resinous or glassy texture, it forms Pitchstone and
Obsidian. If augite constitute a large proportion of a rock, it is termed
Basalt ; Dolerite is another rock of the same class.

The lavas ejected from Vesuvius present considerable variety of ap-
pearance and composition: they occur in the state of pumice-stone,—
vesicular scorie, that is, cinders full of hollow cells,—and compact heavy
masses of molten rock, which are sometimes spotted internally with red,
yellow, and grey, Mica occurs plentifully in some recent trachytes, but
crystallized quartz and hornblende, so abundant in granite, are ex\zewmely

¢ Humboldt.
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rare. Pumice is supposed to be produced by a considerable disengage-
ment of vapour having taken place while the lava was in a plastic, but
not entirely in a fluid state; the escape of the gaseous matter giving rise
to the porous structure of this mineral. Dolomieu observes, that one
kind of pumice seems o be derived from the fusion of granite, since it
contains fragments of quartz, mica, and felspar, and that, when such
fragments were exposed to heat, they were converted into a substance
resembling the surrounding pumice.

9. Lava-cURRENTS, DYKES, AND VEINS.¥—As the aspect
and nature of lava-currents will be easily comprehended by
the descriptions of voleanic eruptions which I shall presently
place before you, it will suffice to mention in this place, that
the appearance of lava in motion is that of a sluggish viscid
stream loaded with red-hot cinders, ashes, and detached frag-
ments of rocks, rolling one over the other, and producing a
loud crackling noise.

Captain Basil Hall aptly compares the movements of a lava-current to
that of a glacier :-——** They are both,” he observes, * more or less, frozen
or half-congealed rivers ; they both obey the law of gravitation with great
reluctance, being essentially so sluggish, that, although they move along
the bottoms of valleys with a force well-nigh irresistible, yet their motion
is sometimes scarcely perceptible. Both glaciers and lava-streams, by
occasionally acting the part of huge dams across valleys and ravines, cause
immense accumulations of water ; it is true these barriers are more fragile
in the case of glaciers, and the consequences are therefore the more de-
structive.”

The effects produced by lava-currents, and their rate of progress, de-
pend of course on their degree of incandescence and fluidity. When the
molten mass first issues, it appears like a stream of fire, but the surface
quickly acquires a rough scum, or crust, which soon thickens, and is
broken into angular pieces by the onward motion of the fluid beneath.
In this condition it appears like melted iron or copper; and, if & stick be
thrust in, large semifluid masses adhere, and may be removed ; and coins
or other articles may be plunged in, and will remain permanently imbed-
ded when the lava cools.

Lava-currents from Vesuvius have flowed a mile and a half in fourteen

* See Lyell’s “ Manual,” chapter 29, for details and illustrations.
+ “Patchwork,” by Captain Basil Hal, vol. iil. . 153.

1 Persons visiting Vesuvius generslly Dring uway wodh woments of |

‘agent to its crater.
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minutes; others have reached the sea in tkree hours from the summit
of the mountain, a distance of 3200 yards. The stream which destroyed
Catania, in 1669, was fourteen miles long and five wide. In Etna, cur-
rents have been traced forty miles in length; and a stream that issued
from Mount Hecla, in Iceland, is computed at ninety-four miles in
length, and fifty in its greatest breadth ; and its depth, where there were
obstacles to its progress, was in some places several hundred feet, ,

Lava-currents retain a high temperature for a long period ; some have
been observed to flow slowly ten years alter their eruption. A mass of
lava on the flanks of Vesuvius ignited wood thrust into it four years
after its motion had ceased.

The cooled lavas and other mineral products which form the great
mass of & volcanic mountain are rent and torn by the earthquakes which
generally precede every fresh eruption; and these fissures and chasms
become filled by subsequent injections of molten rock. In this manner
dykes and veins are formed in the trachytic and scoriaceous masses of
Vesuvius, Etna, and other active volcanos (Lign. 198), resembling on a
small scale the intrusive trap-dykes in the ancient strata, of which we
have already noticed many examples.

LIGN. 198.—DYKES AND VRINS IN LAVA.

Fig. 1. Veins and dykes of slaggy lava in volcamc tuff; Stromboll.
= 3. Lava-dykes in scorim and sand; Etna.

The loose sand, scoriee, and ashes which have been either wafted by
the winds and fallen into the sea, or washed down by torrents on the
plains, become agglutinated together and form an earthy conglomerate,
which is termed volcanic tuff. This substance is frequently traversed
by veins and dykes of lava, thrown up by subsequent eruptions. It often
happens that the beds thus permeated, being formed of materials that
readily decompose, are partially or wholly worn away, while the durable
intruded dykes remain, and stand out in relief, sometimes formingretheh
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walls or butlresses, of great thickness and extent ; of which the celebrated
Val del Bove, of Etna, to be noticed in the sequel, affords some of the
most remarkable examples.

10. ErvrrioNs oF VEsuvIUS.—In the early periods of
activity, violent gaseous explosions, with showers of scoris,
ashes, and sand, characterized the eruptions of Vesuvius;*
but since the existence of the present crater lava-currents
have generally been ejected. The appearance of an ordi-
nary eruption, seen by night, has been thus picturesquely
described by a traveller :—

“It was about half-past ten when we reached the foot
of the craters, which were both tremendously agitated ; the
great vent threw up immense columns of fire, mingled with
the blackest smoke and sand. Each explosion was preceded
by a bellowing noise, like thunder, in the interior of the
mountain. The smaller vent was the most active ; and the
explosions followed each other so rapidly that we could
not count three seconds between them. The stones which
were emitted were fourteen seconds in falling back to the
crater ; consequently, there were always the discharge of
five or six explosions—sometimes more than twenty—in
the air at once. These stones were thrown up perpendicu-
larly, in the shape of a wide-spreading sheaf, producing the
most magnificent effect imaginable. The smallest stones
appeared to be of the size of cannon-balls; the greater were
like bomb-shells ; but others were pieces of rock, five or six
cubic feet in size, and some of the most enormous dimensions :
the latter generally fell on theridge of the crater, and rolled
down its sides, splitting into fragments as they struck against
the hard and cutting masses of cold lava. The smoke emitted
by the smaller cone was white, and its appearance incon-
ceivably grand and beautiful ; but the other crater, though

* The craters of Auvergne, (vol. i. p. 272), that exhibit no traces of [
Java-currents, are also supposed to have been produced by explosions.
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less active, was much more terrible ; and the thick blackness

- of its gigantic volumes of smoke partly concealed the fire
which it vomited. Both vents occasionally burst forth at the
same instant, and with the most tremendous fury, the ejected
stones intermingling in the air.

“If any person could accurately fancy the effect of
500,000 sky-rockets darting up at once to a height of three
or four thousand feet, and then falling back in the shape of
red-hot balls, shells, and large rocks of fire, he might have
an idea of a single explosion of this burning mountain ; but
it is doubtful whether any imagination can conceive the
effect of one hundred of such explosions in the space of five
minutes, or of twelve hundred or more in the course of an
hour, as we saw them! Yet this was only a part of the sub-
lime spectacle before us.

“On emerging from the darkness, occasioned by the
smaller crater being hidden by the large one, as we passed
round to the other side of the mountain, we found the whole
scene illuminated by the river of lava, which gushed out of
the valley formed by the craters and the hill on which we
now stood. The fiery current was narrow at its source,
apparently not more than a few feet in breadth; but it
quickly widened, and soon divided into two streams, one of
which was at least forty feet wide, and the other somewhat
less: between them was a sort of island, below which they
reunited into one broad river, that was at length lost sight
of in the deep windings and ravines of the mountain.” *

In an eruption witnessed by Sir 'W.Hamilton, jets of
liquid lava, mingled with stones and scori®, were thrown up
to a height of ten thousand feet.

The streams of lava, which issue with great velocity, are
in a state of perfect fusion ; but as they cool on the surface,
they crack, and the matter becomes vesicular or porous ; at
a oonsiderable distance from their source, they rerewhle w

* From the Saturday Magazine.
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heap of scorim, or cinders, from an iron-foundry, rolling slowly
along, and falling, with a rattling noise, one over the other.

The eruptions of Vesuvius, its cones and craters, and the still older
and partly encircling crater of Somma, have afforded continuous and im-
portant lessons to geologists as to the mode of action and nature of vol-
canic forces. In 1856, Mr. Poulett Scrope read before the Geological So-
‘ciety a very interesting and instructive résumé of his views on the mode
of production of volcanic craters, and on the nature of the liquidity of
layas, mainly illustrated by the Vesuvian phenomena, and originally ad-
vanced in his work on Volcanos in 1824. In the Memoir referred to,
the first point insisted on is the formation of all volcanic cones sad
craters by the simple process observed in habitually active volcanos,
namely, the eruptive ejection of lavas and fragmentary matter from
a volcanic vent; the accumulation of which around it cannot fail to
give rise to the cone-shaped mountain so characteristic of a volcano, and
to the crater usually contained in it, The author showed, by the history
of Vesuvius, that the cone of that mountain has, within the last hundred
years, been at least five several times emptied by explosions of a paroxysm-
al character, and as often refilled by the products of subsequent minor
eruptions ; while throughout this time the exterior of the cone has been
gradually increasing in bulk, and the old crater of Somma as gradually
being filled up, by accretions from the volcanic matter ejected beyond
the lip of the Vesuvian crater. He refuses to believe that any other pro-
cess originally formed the outer cone and crater of Somma, than that
which he and others have seen to be continually augmenting the inner
cone of Vesuvius, and which before his eyes in 1822 scooped out of is
heart a crater concentric to that of Somma, three miles in circumference,
and some 2000 feet in depth. And generally of other great craters, an-
cient or modern, such as Palma, Santorini, the Val del Bove, &c., be
considers, that no argument in favour of their having any other than 8
similarly *‘ eruptive ”’ origin can be derived from the fact of theirdi-
mensions exceeding those of the crater of Vesuvius. The authentic
accounts of enormous quantities of ejected pumnice, scorie, or ashes
thrown out by many eruptions from Polynesian or American volcancs,
reaching to distances of above a thousand miles, and of course spreading
over the whole intermediate space, to a thickness sometimes of 10 or 12
feet at more than twenty-five miles from the volcano, would amply
account for the dispersion, by explosive eruptions, of the contents of the
largest craters ever observed.

At the same time the author guards himself from being supposed ¥
have ever denied that sowe amount of elevation has taken place in the
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external cone of a volcano through the occasional injection of lava from
within into rents broken across its framework, and hardened into dykes,
which may be called a process of gradual distension. This, in fact, was
suggested by him in 1824. All he contends against is the theory of
Von Buch, that volcanic mountains are the resuit of the elevation of
nearly horizontal beds of lava and conglomerates by some sudden ex-
pansion. He maintains, on the contrary, that the growth of a volcano
by accretion, through eruptive ejections on the exterior, and partial
distension from within, is a gradual, though intermittent, normal process,
which may be watched almost like the growth of a tree.

The author next referred to the opinion publishéd by him in 1824,
that the liquidity of the stony and crystalline lavas (excluding the vitreous
varieties) at the time of their protrusion is owing, not to complete
fusion, but to the entanglement between their component granular or
crystalline particles of some fluid, chiefly water, at an intense heat, of
course, but unvaporized by reason of the extreme pressure to which they
are subjected while beneath the earth, and escaping in vast bubbles of
steam, when, by the opening of a fissure of escape, its discharge is per-
mitted, and also by a kind of exudation through the pores and crevices.
of the expelled lavas as they cool.

The author originally extended this theory of the combination of
aqueous with igneous agency in lavas to all the crystalline plutonic rocks,
which he considered to be derived from a mass existing beneath the crust
of the globe under the above circumstances, in a state of extreme tension,
such as on the occurrence of any sufficient local relaxation of the re-
straining pressure from above, or increase of temperature from within,
must occasion its partial intumescence, and the consequent fracture and
elevation of the overlying rocks, with or without extravasations of the
intumescent crystalline matter through rents, in the form either of vol-
canic eruptions, or the protrugion of the granitoidal axes of mountain-
chains.

These ideas on the character of the liquidity of lavas and the hy-

* pogene crystalline rocks, promulgated by the author in 1824—1826, were
considered unchemical at that time, and little regarded. They have,
however, of late been reproduced by M. Scheerer of Christiania, and
adopted by M. Elie de Beaumont, and have received much confirm-
ation from recent researches into the conduct of water under pressure
at high temperatures, its power of taking silex into solution, &c.

. The author further asks the attention of geologists to the ideas de-
weloped by him in the same early work, and founded on actual and
careful observations, as to the change of position occasiaued in the
component crystals of 8 matter moying in the pasty wiate bere Wik
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buted to lavas and other plutonic rocks, during their emission or ele-
vation under extreme pressure, He produced examples from the rib-
boned trachytes and pearlstones of Italy, Hungary, and Mexico. He
considers gneiss to be granite elongated by a powerful lateral squeeze,
probably at the time of its expulsion ; and mica-schist to be the extreme
result of the same action upon the lateral bands or selvages of the ex-
truded mass or great dyke. This he thinks a more probable origin
than the usual metamorphic -theory of the melting and reconsolidation
of sedimentary strata, though the one does not wholly exclude the other.
At all events he considers the evidence presented in the peculiarities of
texture, structure, and position of the laminated crystalline rocks to be
conclusive as to their having been squeezed, flattened, and drawn out in
the direction of their upcast, and attributes this process to the same
elevatory movements which have thrust them up, and often forced them
into wrinkled foldings on the grandest as well as on the most minute
scale. To this same reirrangement of their crystalline plates or flakes
under pressure he attributes also their lamellar cleavage. He refers to
Mr. Sorby’'s recent papers and experiments on slaty cleavage as con-
firming these views, The paper ends by recommending the more earnest
study of the dynamics of geology, which have in this country been perhaps
of late years somewhat neglected.

11. HERCULANEUM AND PompErr.—We have above de-
scribed the phenomena attendant on the modern paroxysms
of Vesuvius: but this celebrated mountain is invested
with surpassing interest, from the wonderful preserva-
tion of the cities, which were overwhelmed by its first-
recorded eruption, in the seventy-ninth year of the Chris-
tian era.

In the words of an eloquent writer, “After nearly seven-
teen centuries had rolled away, the city of Pompeii was
disinterred from its silent tomb,—all vivid with undimmed
hues,—its walls fresh, as if painted yesterday,—mnot a tint
faded on the rich mosaic of its floors,—in its Forum the
half-finished columns, as left by the workman’s hand,—before
the trees in its gardens the saerificial tripod,—in its halls
the chest of treasure,—in its baths the strigil,—in its theatres
he counter of admission,—m s seloons the furniture and
e lamp,—in its triclinia the Sragments of Yoo sk teesh—
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in its cubieula the perfumes and the rouge of faded beauty,
—=and everywhere, the skeletons of those who once moved
the springs of that minute yet gorgeous machine of luxury
and of life.” *

From the description of the catastrophe by an eye-witness,
it appears that this outburst of Vesuvius was marked by a
terrific eruption of ashes and scori®, which, borne upwards
by vapours, rose in an immense column, and is described by
the younger Pliny, in his letter to Tacitus, as resembling a
lofty pine spreading out at its summit into wide shadowing
branches : + and then followed total darkness, occasioned
by the descent of this overwhelming cloud of volcanic matter,
which completed the destruction of the devoted cities, and
buried Herculaneum, Pompeii, and Stabiee beneath an ac-
cumulation of ashes, cinders, and scoris, to a depth of from
sixty to one hundred and twenty feet.

No traces have been perceived of lava-currents or of
melted matter; the various utensils and works of art, as
you may observe in the Pompeiian lamps, vases, beads, and

+ Sir E. Bulwer Lytton’s ‘ Last Days of Pompeii.”

+ The elder Pliny, who, at the time of this outburst of Vesuvius, held
the command of the Roman fleet, stationed at Misenum—a cape or head-
land about twice the distance westward from the volcano as the city of
Naples,—in his anxiety to obtain a nearer view of the phenomenon, fell
a victim to the sulphurous vapours : and his nephew, the younger Pliny,
who remained with the fleet at Misenum, has left a graphic description
of the awful scene in his letters to Tacitus. He states, that a dense
column of vapour was first seen arising vertically from Vesuvius, and
which spread itself out laterally, so as to resemble the head and trunk
of the Italian pine-tree. This black cloud was occasionally pierced by
flashes of fire as vivid as lightning, and the whole atmosphere sud
denly became darker than night. The eruption burst forth with such
amazing force, that ashes fell even upon the ships at Misenum, and in
such quantities as to cause a shoal in one part of the neighbouring
sea. In the mean time, the ground rocked terribly; and the sea re
ceded so far from the shore, that many marine animala were left ex~
posed on the dry sand.
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even fruits, as walnuts, almonds, and chestnuts, are still
distinctly recognisable. The remarkable preservation, for
nearly two thousand years, of whole cities, with their houses,
furniture, and the most perishable substances, imbedded in
voleanic matter, may be compared to those geological events
by which the forests of an earlier world, and the remains of
the colossal dragon-forms which inhabited the ancient lands
and waters, have been accumulated beneath the deposits of
innumerable ages.

12. CONSERVATIVE EFFECTS OF LAVA-CURRENTS.—Al-
though no vestiges of animals or plants are likely to be
found in voleanic products that have been in an incandescent
state, yet so slow is the conducting power of many earths,
that beds of shells and vegetable remains may be overflowed
by streams of molten lava without injury, if protected by
even a thin covering of sand or other non-conducting ma~
terial. In like manner the ancient basaltic lavas have
burst through and overwhelmed sedimentary strata, and yet
the most delicate animal and vegetable substances remain
uninjured ; transmuted, indeed, into stone, but still retain-
ing their original structure. Thus, in the eocene (?) beds
of Glarus, although the rock has been converted into slate
by intense heat, yet the fishes remain (p. 866) ; the strata
of Monte Bolca, though capped with basalt, yet swarm with
ichthyolites (p.269) ; the fiery currents of Auvergne have
flowed over the lacustrine limestones, and still vestiges of
insects, serpents, and quadrupeds are preserved (p. 277);
the tertiary forests of the Andes, which grew on beds of
lava, now lie buried beneath subsequent volcanic eruptions
of prodigious thickness (p. 289); and bones either of the
Dodo or of the Solitaire are found imbedded in sandstone
covered by lava of recent origin (p. 130).

A very remarkable circumstance is mentioned by Sir. C.
Lyell,—the preservation of a bed of ice, beneath a stream of
incandescent lavs. The intense heat experienced W N



860 THE WOXDERS OF GEOLOGY. L, VIL

south of Europe during the summer and autumn of 1828
caused the usual supplies of ice entirely to fail. Grest
distress was consequently felt from the want of a commodity
regarded in those countries rather as an article of necessity
than of luxury. Etna was, therefore, carefully explored, in
the hope of discovering some crevice or natural grottoo
the mountain where drifted snow was still preserved. Nor
was the search unsuccessful ; for a small mass of perennial
ice at the foot of the highest cone was found to be part of
8 large continuous glacier covered by a sheet of lava. The
ice was quarried, and the superposition of the lava ascer
tained to continue for several hundred yards ; unfortunately,
the ice was so extremely hard, and the removal of it so er
pensive, that there is no probability of the operations being
renewed.®* 8ir C. Lyell explains this apparently pars-
doxical fact by supposing that a deep mass of drift-snow was
covered by a layer of voleanic sand, which is an extremely
bad conducter of heat; and thus the subsequent liquid lava
might have flowed over the whole without affecting the ice
beneath, which at such a height (ten thousand feet above
the level of the sea) would endure as long as the snows of
Mont Blane, unless melted by volcanic heat from below.

13. Oraa¥10o Remains 1¥ Lava.—The silicious shields
or frustules of Infusoria are often found as a component part
of volcanic ash and tuff, both of ancient and modern origin,t
and were probably derived from the subterranean pools or
Inkes ; as in the case of the showers of fishes which occa-
sionally descend during a voleanic eruption.} Infusorial

* Principles of Geology, vol. ii. pp. 124—126, 9th edit. p. 412.

+ Prof. Ehrenberg has published several notices of this phenomenon
in the Journal and Transactions of the Berlin Academy of Sciences; and
complete illustrations are given in his magnificent ** Mikrogeologie,” fol:
1855.

t Humboldt’s Cosmos, vol. i. p. 230. A putrid fever which prevailed
in 1691, in Ibarra, north of Quito, was ascribed to the decomposition of
the quantity of dead fish ejected from the volcano of Imbaburu.
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hollows a second eruption of lava has formed casts of the
consumed trunks in basalt.*

14. Mount Er~a.—This voleanic cone, which is situated
in the Island of Sicily, and is entirely composed of erupted
mineral substances, rises majestically to the height of up-
wards of two miles (or 10,872 feet), the circumference of
its base exceeding 180 miles: on a clear day it may be dis-
tinetly seen from Malta, a distance of 150 miles. Compared
with this prodigious mass of igneous products, Vesuvius
sinks into insignificance ; for, while the lava-streams of the
latter do not exceed seven miles, those of Etna are often
from fifteen to thirty miles in length, and five miles in
breadth, and from fifty to one hundred feet in thickness.t
The surface of Etna presents three distinct regions : around
the base for an extent of twelve miles, the country is richly
cultivated, and abounds in vineyards and pastures, and is
the site of many towns, monasteries, and villages. The
middle or temperate zone above, is covered with forests of
oak and chestnut, and a luxuriant vegetation reaches to

+within a mile of the summit. Above this all is sterility and
desolation, and the highest point of the mountain is covered
with eternal snow. The crater is about a quarter of a mile
in height, and three quarters of a mile in circumference,
and is situated in the centre of a gently inclined plain, three
miles in diameter. From the crater a column of vapour
constantly issues, emanating from the mass of incandescent
mineral matter which fills up the interior, and may be seen,
in a state of ebullition, in the fumaroles or chasms in some
of the lateral crevices, of which there are generally several
accessible.

Etna is recorded as having been in a state of activity be-
fore the Trojan war ; and ever since, at varying intervals,
violent eruptions have occurred. In an eruption in 1669,

* Physical Description of New South Wales,
1+ Dr. Daubery on Volcanas.
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the torrent of lava inundated a space of fourteen miles in
length, and four in breadth; burying beneath it 5000
villas and other habitations, with part of the city of Catania,
and at length falling into the sea: during several months
before the lava burst out, the old mouth, or great crater, was
observed to send forth more smoke and flame than usual,
and the top fell in; so that the cone became much lowered.

In 1809, twelve new craters opened, about half-way down
the mountain, and threw out rivers of burning lava, by which
several estates and farms were covered to the depth of
thirty or forty feet: and in 1811, other vents appeared on
the eastern side; and discharged torrents of liquid lava with
amazing force.

In 1832, a violent paroxysm took place, and continued
with but little intermission for several weeks. “On the
31st of October, in the middle of the night, there arose,
without any previous indication, 8 column of smoke and
flame from the base of the large cone, on the northern side ;
and, shortly after, an immense quantity of fluid matter was
discharged from the crater, on the western side, and divided
into numerous streams. Next morning, repeated earthquakes,
the increased noise of the lava, which now flowed rapidly,
and the immense volumes of thick black smoke at the foot
of Monte Scavo, announced that the eruption had greatly
increased in violence, and several streams of lava were seen
descending. On the 2nd of November, contrary to all ex-
pectation, the eruption ceased, and the lava was found to be
so far cooled, that several adventurous observers were
enabled to get upon it, and walk a few paces. On the 3rd,
the hope that the fire was almost extinct was nearly certain;
but, in the evening, a violent earthquake, followed by several
smaller ones, with a fresh quantity of smoke, foretold a fresh
eruption; and two hours before midnight, another severe
shock occurred, and was succeeded by black smoke mingled
with flames, and incessant thunder.
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“ Having approached,” says Signor di Luca, “as nearly s
was prudent to the hollow from which the fire issned, we
found four apertures, which threw out burning matte.
Raising our eyes from these vents, we observed a cleft or
rent, about a mile in length, from which volumes of smoke
arose from time to time; and, as at the bottom it reached
the openings above mentioned, it enabled us to behold the
burning furnace in the interior of the mountain. Meanwhile,
the thunder was incessant, and the detonations were ter-
rible; the lava continued to flow ; and enormous masses of
red-hot substances were thrown to a great height, mingled
with vast volumes of flame and smoke. The shocks of
earthquake were likewise 8o violent, that horses, and other
animals, fled in terror from the places where they were
feeding.”

15. THE Varl pEL Bove.—But by far the most interest-
ing feature of Etna is an immense depression or excavation
on the eastern side of the mountain, called the Val del Bove.
This vast plain, or rather circular hollow, is five miles in dia-
meter, and from two to three thousand feet in the height of
its bounding precipices, which in most places are nearly
perpendicular. This remarkable area, according to some
observers, has resulted from the giving way and subsidence
of part of the crust of the voleano, from some violent action
in the interior, which occasioned the sudden removal of an
enormous mass of mineral matter.* This plain is encircled
by subordinate volcanic mountains, some of which are co-

® Sudden depressions of the surface of the land are not unfrequent
concomitants of subterranean movements, and occasionally produce the
most frightful catastrophes. In 1772, Papandayang, one of the largest
volcanos in the Island of Java, suddenly sunk down with a terrific noise,
and an area fifteen miles long amd six wide was swallowed up ; many
hundred persons and forty villages were destroyed, being either ingulfed
with the sunken mass, or overwhelmed by the volcanic matter that
issued forth, and spread over the surrounding country to a considerable
distance. The original mountain was diminished 4000 feet in height.
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the Val, and descended in cascades into the lower fertile
regions, where they are spread out in sterile tracts amid the
vineyards and orange-groves.*

The varied and picturesque scenery of Etna, the pheno-
mena of voleanic action which are there so strikingly ex-
hibited, as well as those which have taken place in periods
long antecedent to human history and tradition, but of
which the natural records remain, are described by Sir
C. Lyell with that vigour and fidelity which characterize all
the productions of his pen; and his works should be con-
sulted by those who desire fully to comprehend the nature
of some of the most interesting physical changes which are
in progress on the surface of our planet.}

16. Vorcavo oF Kiravea.—Of the existing voleanos,
those of Kilauea and Mauna Loa, in Hawaii,} exhibit vol-
canic action in its most sublime and imposing aspect. The
island of Hawaii, which is about seventy miles long, and
covers an area of 4000 square miles, is a complete mass of
voleanic matter, perforated by innumerable craters. It isin
fact a hollow cone, rising to an altitude of 16,000 feet, hav-
ing numerous vents over a vast incandescent mass, which
doubtless extends beneath the bed of the ocean ; the island
forming a pyramidal funnel from the furnace beneath, to the
atmosphere. Mauna Loa (great or long mountain) is the
apex, and bears an enormous crater. Indeed Kilauea, or
Kirauea, is but a lateral crater to Mauna Loa. The follow-
ing account of a visit to the latter crater, by Mr. Ellis,
affords a striking picture of the splendid but awful spectacle
which this voleano at the time presented.

# See Captain Basil Hall’s interesting description of a visit to the Val
del Bove, * Patchwork,” vol. iii. p. 31.

t “ Principles of Geology,” chap. xxvi. See also Daubeny’s “ Vol-
<anos,” 2nd edit. chap. 15.

1 Hawaii, one of the Sandwich Islands, is well known, under the name

Owhyhee, as the of the murder of Cuptein Cads.
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presented an immense volcanic panorama, the effect of which was
greatly augmented by the constant roaring of the vast furnaces below.”’#

- 17. Mz. STEWART’S VISIT TO K1LAUEA.—In June, 1825,
Mr. Stewart, accompanied by Lord Byron and a party from
the Blonde frigate, went to Kilaunea, and descended to the
bottom of the crater.

“The general aspect of the crater,” observes Mr. Stewart,
“may be compared to that which the Otsego Lake would
present, if the ice with which it is covered in winter were
suddenly broken up by a heavy storm, and as suddenly
frozen again, while large slabs and blocks were still top-
pling, and dashing, and heaping against each other, with
the motion of the waves. At midnight the volcano sud-
denly began roaring and labouring with redoubled activity,
and the confusion of noises was prodigiously great. The
sounds were not fixed or confined to one place, but rolled
from one end of the crater to the other; sometimes seeming
to be immediately under us, when a sensible tremor of the
ground on which we lay took place; and then again rush-
ing on to the farthest end with incalculable velocity. Almost
at the same instant a dense column of heavy black smoke
was seen rising from the crater directly in front, the sub-
terranean struggle ceased, and, immediately after, flames
burst from a large cone, near which wé had been in the
morning, and which then appeared to have been long in~
active. Red-hot stones, cinders, and ashes were also pro-
pelled to a great height with immense violence ; and, shortly
after, the molten lava came boiling up, and flowed down the
sides of the cone and over the surrounding scoris, in most

* #* Ellis’s Polynesian Researches, vol. iv. See .also Dana’s account of.
the Hawaiian Volcanos, in his “ Geology of the United States Exploring.
Expedition,” 1849 ; and notices by Messrs. Coan, Weld, and others in ther
American Journal of Science, and the Journal Geol. Soc. 1856 and:
1857 ; also Lyell’s “ Manual,” p. 491 ; and De la Beche's* mew
server,”’ 2nd edit. p.- 333, &c.

3 x?2
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beautiful curved streams, glittering with a brilliancy quite
indescribable. At the same time, a whole lake of fire
opened in & more distant part. This could not have been less
than two miles in circumference, and its aspect was more
horribly sublime than anything I ever imagined to exist,
even in the ideal visions of unearthly things. Its surface
had all the agitation of the ocean ; billow after billow tossed
1ts monstrous bosom into the air; and occasionally those
from different directions burst with such violence, as in the
concussion to dash the fiery spray forty or fifty feet high.
It was at once the most splendid and fearful of spectacles.”*

The following account, by M. Strzelecki,t of the volcanic phenomena
in Hawaii is 8o highly interesting, that I am induced to insert it entire.
*¢ The volcano of Kirauea (Kilayea) lies on the N.W, side of Mauna R
(Mauna Loa), about twenty miles from the summit of that mountain, and
forty from the Bay of Hilo; its latitude is 19° 27’. Its present size sur-
passes that of every other known volcano, yet it now hardly displays
more than one-third of its original magnitude. Its crater must have once
been twenty-four miles in circumference, as evidenced by the still re-
maining ruins of its ancient walls; the highest point of which is 5054 feet
ahove the level of the sea. The sunken furnace of Kirauea is now re-
duced to eight miles of circumference, the present crater being 4109 feet
in height above the sea ; which is, therefore, at least 950 feet below the
brim of the ancient crater. The edge of this precipice falls perpendicu
larly 600 feet lower, to the boiling surface of igneous matter. The de-
scent to this level is often precipitous, and winds among a thousand
openings, which vomit forth hot vapours, from an area thickly strewed
with tabular masses of smoking lava. Like the ice in a blocked-up
channel, these tabular masses remain either standing on end, or heaped
in horizontal or half-raised beds, and gaping with fissures over fearful
cavities, resounding with noises similar to those of a stormy sea. Six of
these were in violent agitation while 1 was exploring the crater. The
surface of the fiery matter in all of them kept at about the same height,
and rose, sank, and was agitated simultaneously, which seems to sho¥
that it belonged to one mass of liquid luva, filling the whole area of the
interior of the crater, and that these cavities are mere openings, and the
heaps of broken lava which block up part of the crater are a temporary

® Lord Byron’s Voyage in the Blonds frigate. + New South Wales:
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crust or covermg over the incandescent mass beneath. The lava of
Kirauea appears to be similar to that of Hecla, which is known under
the name ‘cavernous;’ and which, by the intensity of its heat, and the
abundance of its elastic gases, produces here, as in Iceland, tumefactions,
varying from the thickness and delicacy of a soap-bubble, to the size of
caverns twenty or thirty feet wide. These caverns, which extend in
every direction, form, beneath the surface of the island, subterranean
channels, though which the overflowing lava makes its way, and are
often covered by a hollow arch, which yields at once to the tread. Their
interior contains the most interesting incrustations of sublimed minerals,
with crystalline forms, the perfection of which can hardly be appreciated
without the aid of a microscope, and so delicate as scarcely to bear the
breath, Mounds of sulphur, more extensive than those of Solfatara, are
deposited around the southern plane of the crater.

“ On the western flank of the crater above described, the appearances
render it probable that the former surface of the incandescent matter
was 300 feet higher up than it is at present ; and that the opening of the
crater of Mauna Roa, which is now 8000 feet above, diverted the course of
the intense subterranean heat from that of Kirauea, or at least diminished
its intensity. It seems, also, that the incandescent matter of the interior
of the crater became refrigerated and solidified in the mighty cauldron ;
and that after a lapse of time the base on which it stood gave way, under
the renewed agency of subterranean heat, when the mass cracked and
slipped. A large mass of the solidified lava appears to have fallen again
into the abyss, and been remolten: while a part remained lodged against
the sides of the cauldron, and is now seen as a rock two hundred feet
high, consisting of basalt, trachyte, and lava of severul varieties. Be-
tween the scoriaceous lava approaching to slag, which lies uppermost, and
the close-grained basalt which forms the lowest portion of the rock, the
transition is so gradual, that it is impossible to assign the spot where
basalt ceases and lava begins. The words, basalt, trachyte, and lava
serve, therefore, only to distinguish the upper from the lower part of a
stream of molten matter.”

18. TmE Vorcaxo or Jorurro.—In South America
volcanic action has been, and is still, exerted over an im-
mense extent of country ; and the vents of the subterranean
fires extend to the loftiest summits of the Andes.

In the parallel of the city of Mexico there are mo
than five burning mountains—Tuxtls, Orizabs, Popoes
Jorullo, and Colims—arranged as it ooy ofw™
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immense fissure, traversing the region from east to west,
and extending from sea to sea.

The elevated country which constitutes the provmce of
Quito is, as it were, an arch or dome, spread over an im-
mense focus of volcanic energy, of which the channels of
communication with the atmosphere are the burning moun-
tains of Pichincha, Cotopaxi, and Tunguragua. These, by
their grouping, as well as by their lofty elevation and grand
outline, present the most sublime and picturesque aspect
which .is anywhere concentrated within so small a space in
volcanic landscape. . .

LIGN. 201 —VOLCANO OF JORULLO, AND 178 HORNITOS, MEXICO.

(As seen by Baron Humboldt, about 1800.)

Eruption of Jorullo.—South America has been the theatre,
in modern times, of one of the most extraordinary revolu:
tions in the annals of the physical history of our planet—
that which gave rise to the burning mountain of Jorullo.*

* Baron Humboldt’s *‘ Nouvelle Espagne ; >’ see also his * Vues des
Cordiliéres,”” for beautiful illustrations of Jorullo and its hornitos.
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In Merxico there is an extensive plain called the Malpays,
:which was covered by fields of cotton, sugar-cane, and
indigo, irrigated by streams, and bounded by basaltic moun-
tains, the nearest active volcano being at the distance of
-eighty miles. This district is situatéd at -an elevation of
-about 2600 feet above the level of the sea, and was cele-
‘brated for its beauty and extreme fertility. In June, 1759,
alarming subterranean sounds were heard, and these were
-accompanied by frequent earthquakes, which were succeeded
by others for several weeks, to the great consternation of
the neighbouring inhabitants. In. September tranquillity
appeared to be reéstablished, when in the night of the 28th
the subterranean noise was again heard, and part of the
plain of the Malpays,®* from three to four miles in extent,
Tose up like a mass of viscid fluid, in the shape of a bladder
or dome, to a height of nearly 1700 feet ; flames issued forth,
fragments of -red-hot. stones were thrown to prodigious
heights, and through a thick cloud of ashes, illumined by
voleanic fire, the softened surface of the earth was seen to
swell up like an agitated sea. A huge cone, above 500 feet
high, with five smaller conical mounds, suddenly appeared,
and thousands of lesser cones (called by the natives kornitos,
or ovens) issued forth from the upraised plain (ZLign. 201).
These consist of clay intermingled with decomposed basalt,
each cone being a fumarole, or gaseous vent, from which
issued thick vapour. The central cone of Jorullo is still
burning, and on one side has thrown up an immense quan-
tity of scorified and basaltic lavas, containing fragments of
old crystalline rocks.. Two streams, of the temperature of
186° of Fahrenheit, have since burst through the argillaceous

+—Cosmos, Bohn’s Edit. vol. i. p. 227, note, . Burckhardt states, that
during the twenty-four years subsequent to Baron i
to Lurullo, the Aornétos had either wholly, d
¢hanged their form.—Reisen in Mezioo, &x.

® The tract consisted of porpliytitic rocks
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vault of the hornitos, and now flow into the neighbouring
plains. For many vears after the first eruption, the plains
of Jorullo were uninhabitable from the intense heat that
prevailed. .

19. ScteMARISE VoLcasos.—Volcanic eruptions tsks
place indiscriminately either on the land or beneath the
waters of the ocean. The igneous foci of Southern Italy are
certainly not confined to the land, but extend beneath the bed
of the Mediterranean ; and of this the occasional appearance
of new shoals and islands affords conclusive evidence. Livy
informs us that an event of this kind, which took place
about the period of the death of Hannibel, together with
other volcanic phenomena, so terrified the Roman people,
as to induce them to decree a supplication to the gods, to
avert the displeasure of heaven, which these prodigies were
supposed to denote. “ Nuntiatumque erat haud procul 5
cilia insulam qu# nunquam ante fuerat novam editam e mari
esse.”’—Livy, lib. xxxix. ¢. 56.

In Iceland, which may be regarded as a partially sub-
marine volcanic mountain, with the highest summits abore
the waters, eruptions are not restricted to the area of dry
land ; but often burst out in submarine volcanos off the
coasts. The enormous eruptions which issued from three
different vents in the low tract called Shaptar Jokul, in 1753,
and poured out lava-currents many miles wide, and ninety
long, was preceded by the appearance of volcanic cones,
vomiting flames and vapour, in the neighbouring sea, many
miles from the land.*

A highly interesting example of the emergence of a sub-
marine volcano took place in 1531, A voleanic island sud-
denly arose in the Mediterranean, about thirty miles off the
S.W. coast of Sicily, where previous soundings had ascer-
tained the depth of the sea to be 600 feet. It was preceded

* *“Travels in the Island of Iceland. during the Summer of the vear
1=10.” By Sir George Stiewart Mackenzie, Baronet, 4to, 1811.
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1ing with which he favoured me. From these facts it is cer-
‘tain that a hill, 800 feet high, was here formed by a sub-
marine volcanic vent in the course of a few weeks. The
occurrence of shoals of dead fish will not fail to remind you
of the ichthyolites of Monte Bolca (p. 269) : and. there can
be no doubt that vast numbers were ingulfed in the erupted
Toineral masses at the bottom of the sea; and when this
‘ocean-bed shall be elevated above the waters, and explored
by some Agassiz of future times, the then fossil fish of the
‘Mediterranean, imbedded in volecanic tuff, will afford in-
‘teresting subjects for the contemplation of the geologist and
the philosopher.

20. SUMMARY OF VOLCANIC PHENOMENA.—I have in-
dulged inthe foregoing long extracts, becausethe vivid pictures
which they present of voleanic action cannot fail to produce
a powerful impression on the mind, and cause it to revert
to the principles enunciated in the first Lecture, which sug-
gest the probability that the earliest condition of the earth,
and of the worlds around us, may have been that of vapour
or fluidity (p. 48). Here we see the most solid and durable
materials of the globe reduced to a liquid state—seas of
molten rocks, with their waves and billows, their surge and
spray, giving birth to torrents and rivers, which, when cooled,
become the hardest and most indestructible mineral masses
on the surface of our planet !

The constant escape of aeriform fluids from volcanic
vents,—the irresistible force which such elastic vapours
‘exert when pent up and compressed—an effect with which
our steam-boats and locomotive engines have made every
one familiar,—and the immense production of such gaseous
‘elements which must be taking place in the interior of the
globe from the igneous action which is-going on unremit-
tingly, afford a satisfactory explanation of the nature and
wsuse of earthquakes,* and of those elevatory movements by

® See - Geol. Observer,” 2nd edit. p!AND, &o.;, DadhenyatRae
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in volcanic action ; and the volume of gas and vapour is often
so great as to uplift the molten lava, and at length to burst
through and escape in violent explosions. Without being
able to determine the precise nature of the first link in the
chain of voleanic action, we may reasonably infer that the
play of electro-chemical and electro-magnetic forces, which
must be incessantly going on among the heterogeneous
mineral substances of which the earth consists, is a main
agent in producing the varied eﬁ'ects we have been con-
templatmg »

Many ingenious theories have been proposed to account
for the immediate cause of volcanic action. Of these, the
oxidation of the metallic bases of certain earths and alkalies
by percolations of water into deep-seated beds of these
substances, suggested by Sir Humphrey Davy, is still power-
fully advocated by a high authonty—Dr Daubeny ; but
proof that such bases do exist in a metallic state in the in-
terior of the earth is required, before the hypothesis, how-
ever ingenious, can be admitted as a vera causa.t

From the late researches of Wohler, Deville, and Dau-
beny, it appears that boron and titanium, and probably other
metals, such as iron, and possibly even hydrogen, under
certain conditions, unite with gaseous nitrogen with such
energy as to generate light and heat; thus constitutings
genuine case of combustion in which nitrogen, and not oxy-
gen, acts as the supporter. The combination of these sub-
stances would thus furnish, like the oxidation of potassium
and other metalloids, a direct cause of volcanic fire; and the
subsequent decomposition of their nitrides might be the

* The various theories that have been proposed to explain volcanic
action are considered with great candour and perspicuity by Sir H.de
la Beche, in his  Researches in Theoretical Geology.” See also Dsu-
beny, op. cit. chapters 38 and 39.

t+ The phenomena attendant on the combination of oxygen with po
tassium, sodium, &c.—the rapid and violent evolution of heat, light, and
expansive force—must be {amiliar to the intelligent reader
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* 21. HrroaENE Rocks.*—We must now enter upon a
more particular examination of the Hypogene (nether-formed)
or metamorphic and plutonic rocks;t those crystalline
rock-masses which everywhere manifest the influence of in-
tense heat under great pressure. It will be convenient to
consider them under two heads: viz. 1st, the rocks which
present a stratified or laminated structure, as mica-schist,
gneiss, &c. ; 2ndly, those which occur in amorphous masses,
as granite, porphyry, &c.; including, in this group, the
ancient volcanic products, trap-rocks, basalt, &c., a notice of
which we found it requisite to anticipate, when investigating
the fossiliferous strata traversed by dykes of these sub-
stances.

And here it is necessary to premise, that an acquaintance
with the nature and appearance of the minerals that are the
usual components of crystalline rocks is indispensable to
enable the reader to have a clear concepflon of the facts
that will come under his notice. This knowledge can only
be acquired by the study of specimens; and it would be useless
to attempt by mere description to teach the elements of
mineralogy. In these Lectures I must assume either that such
knowledge is possessed by my readers, or that they will rest
satisfied with a general idea of the leading phenomena em-
braced in this division of the subject.}

* See vol. i. p. 206.

+ For guide-books in the study of the characters and classification of
rocks, the reader is referred to those by Macculloch, Brongniart, Cordier,
Cotta, Erdmann, Naumann, Senft, Danas &c. .

1 The elementary mineralogical knowledge necessary for this purpose
may be acquired by the study of a suite of specimens to be obtained of
Mr. Tennant, 149, Strand, Professor of Mineralogy in King’s College.
If the student can have the advantage of a few private lessons from Mr.
Tennant, or can attend the lectures delivered in King’s College, or those
by other Professors at the London University College, the School of
Mines, and other Institutions, his progress will be more rapid and satis-
factory than by any other method. For the advanced student, the
“System of Mineralogy,” by Jamcs D. Dave (new edition), New
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Mica-schist and Gneiss.~—The stratified, laminated, or foli-.
ated metamorphic * rocks consist of two chief groups. The
first, and usually uppermost, is Mica-schist, a schistose rock,
abounding in a mineral called mica (from its glittering ap-.
pearance), and in guartz, a substance of which rock-crystals
and the semi-transparent pebbles common in most beds of’
shingle or beach are examples. These two minerals are dis-
posed in alternate layers, forming laminm of greater or less
thickness, which are extremely contorted and undulated.
Some of these masses, especially in the upper portion, bear a
considerable resemblance to the metamorphic argillaceous
schists ; the lower are of a more quartzose character, probably
from having been subjected to a greater degree of igneous
action.

Gneisst consists of laminated and contorted bed-like
masses of quartz, felspar, and mica, irregularly alternating ;
and may, in truth, be regarded as laminated granite, for the
same substances enter into their composition as prevail in
the amorphous masses of that rock. Gmeiss is often found
agsociated and alternating with mica-schist, quartz-rock,
clay-slate, and hard granular limestone. The whole series
of stratified metamorphic beds may therefore be considered:

‘as partaking of one common mineralogical character, and,
with the exception of the calcareous rocks, may have origin-
ated from the disintegration and subsequent consolidation
of more ancient crystalline masses.

The stratified appearance of gneiss and mica-schist is
attributed by some geologists to an arrangement of crystals
of different specific gravities in horizontal planes; their
subsequent softening by heat admitting of the flexuosities

York ; Brooke and Miller’s edition of Phillips’ Mineralogy; Nicol’s
Mineralogy ; and Mitchell and Tennant’s Miuneralogy (Qrr’s Circle), will’,
be found among the best works on the subject in the English language. ,
# The metamorphic rocks are termed *hypozoic” (ot below Wféy.
rocks by Phillips : see his “ Manual,” chap. 5. )
+ A German mining term. K
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of these rocks. Others ® believe that melted granite, upon
cooling under particular circumstances, would assume a
stratified or ribboned appearance, analogous to that of gneiss ;
or might even resemble in structure some aqueous sediments.

From the researches of Mr. H. C. Sorby it is evident that,
whilst some mica-schists are truly sedimentary laminated
beds, formed of the debris of older granitic rocks, others are
altered rocks, which owe their foliated character, as in the
case of cleavable slate-rocks (p. 835), to violent pressure (and
perhaps chemical changes) at periods subsequent to their
original formation.t

There are various substances associated with this group,
hornblende-schist, a black or grey rock, chlorite-schist, s
green slaty rock, and the beautiful mottled magnesian rock
called Serpentine, with steatite; the latter are often con-
nected with trap.

Granite (80 named from its granular structure) is the
foundation upon which all the strata of which we have
spoken are superimposed, and the framework of the earth’s
crust; rising to the loftiest heights, and stretching intc
mountain-chains, which mark the grand natural divisions of
the physical geography of the globe.

Although presenting great vanety in the proporlnon and
colour of its ingredients, granite is essentially composed of
three substances, which may be easily recognised in the
blocks of which many of our pavements, bridges, roads

+ Especially Naumann and Scrope ; * Considerations on Volcanos;”
Neues Jahrb. 1847, p. 297 ; Quart. Journ. Geol. Soc. vol. iv. part %
Miscell. p. 1; ¢bid. vol. xii. p, 345; and above, p. 856.

t Report Brit. Assoc. 1856, rep. sect. p. 78. In a paper by Mr. D.
Forbes, “ On the Relations of the Silurian and Metamorphic Rocks of the
South of Norway,” in the Edinburgh New. PHil. Journ. new series,
January, 1856, we have an ingenious attempt to show that the foliated
rocks of much of that district can be hypothetically related to certain more

or less horizontal lines, at right angles o the existny vertical planes of
the schists, and representing the lines of tedding previvunin he meoms
phic ~hich have induced their present verhed Shaten.
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and other works are constructed. These are mica, known
by its silvery or glittering aspect,—quartz, by its glassy ap-
pearance,—and fzlspar,® which forms the opaque white,
pink, or yellowish masses, oftentimes seen in sections as
long angular crystals, which from their size and colour may
be readily detected, even by the unscientific observer. In
some species of granite, falc and hornblende occur, and the
mica is wanting ; in the former case the rock is called pro-
togine ; in the latter syenife: those masses which are com-
posed of crystals of felspar in a base of compact felspar con-
stitute porphyry.

M. Bischof states that it may be demonstrated mathema-
tically that all the sedimentary strata, and all the substances
enclosed in drusy cavities, are derived from the plutonic.
crystalline rocks; these have furnished the materials, and
water has conveyed the quartz, calcareous spars, heavy spars,
metals, and other substances which fill such cavities.

One of the most important advances towards a knowledge
of the exactnature and origin of granite has been made by Mr.
H. C. Sorby, in his memoir, “ On some Peculiarities in the
Microscopical Structure of Crystals, applicable to the deter-
mination of the Aqueous or Igneous Origin of Minerals and
Rocks,” read before the Geological Society in December,
1857, In this paper many curious facts were described,
relating to the minute cavities contained in nearly all
crystals, and sometimes occupied by fluid, sometimes by
stony matter; and it was shown that many crystals must
have formed when both melted rock and water were present ;
this water being in such an expanded state as would indicate
a red heat, since some of the “ fluid-cavities ” in the crystals
serve as self-registering thermometers. It turns out that
granite i8 & rock that was formed in this way. Itisan

* Kaolin or porcelain-earth is formed by the decomposition of alka-
line felspar. * See Mémoire sur les Kaoling ou argiles d poredleine’ Wy
M. Alex. Brongniart; Archives du Muséum & His .ok, 1220 and \RAN,

.
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aqueo-igneous rock ; being really due to combined agency
of both water and fire: and hence, observes Mr. Sorby,
have arisen the discussions as to which it is—Neptunisn
or Plutonic. Indeed Mr. Sorby finds in some minerals eject-
ed from volcanos, and probably formed deep down at their
base, conditions analogous to those which he observes in
granite.®

22. Mica-scHIST AND GnEIss.—These rocks are widely
spread over and around the masses of unstratified plutonic
rocks. They occur in Caernarvon and Cumberland, but are
of inconsiderable extent in England. In Scotland they er-
tend over great part of the Highlands, and largely prevail
in the Hebrides; they form mountain-ranges in the north
of Ireland, and cover large areas in Londonderry and
Donegal.

The gneiss of the Northern Highlands is of two distinct
ages. There is the old gneiss of Cape Wrath and the shores
of Rosshire, on which rests the Cambrian conglomerates of
the Ross Mountains (see p. 806) ; and the younger goeiss-
ose rocks of the eastern part of Sutherland, which overlie
the fossiliferous limestones of Durness, and are altered strats
of Silurian age. An instance of secondary gneiss resting
on lias occurs in Switzerland.

The most striking features of these rocks are the flexures
and contortions in which they are so generally folded; prov
ing the soft and ductile state in which the component m#
terials must have existed ; for they present every variety of
sinuosity and curvature imaginable.

The Isle of Lewis (one of the Hebrides), o admirably
illustrated by Dr, Macculloch, is remarkable for the contor:
tions observable in its precipitous cliffs of gneiss, and the
innumerable granite-veins with which they are traversed:
The face of the rocky cliffs appears like veined marbled
paper; and the imagination can scarcely conceive an intri-

* Sce Appendix A.
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silictous infiltrations in the tissues of sponges, ventriculites,
and other zoophytes, and even in the intimate structure of
wood,* when seen under a highly magnifying power, is that
of a viscid fluid, or plastic paste, pressed into the interstices
of the tissue, rather than that of the percolation of a mineral
solution, or of a metamorphism of the organism, as in other
examples of silicified animal and vegetable structures.
Experiments have shown that melted quartz, unlike alu-
mina, retains its viscidity for some time when cooling, and
may be drawn out-in threads;t and M. Jobert states, that
in graphic granite he has found the quartz-crystals in the
midst of the felspar flattened and contorted, as if they had
been strongly pressed between the felspathic matter.}
These facts seem to offer-an explanation of the flexures
and curvatures in quartz-rocks and gmeiss: and they are
brought forward by Mr. Darwin, with his usual acumen, to
illustrate the origin of the remarkable daplications, and ab-
ruptly arched positions, of the stratified quartz-rocks in the
Falkland Islands. Some of the hills, he observes, are com-
posed of quartz-strata doubled on themselves, with the axis-
plane thrown quite over,—the quartz must therefore have

* As for example, in some of the fossil wood from Egypt and Australia;
see p. 727.

1+ M. Gaudin, quoted by Mr. Darwin.

1 M. Alexarer Brongniart attributes the formation of all agates and
chalcedonies to the viscous or gelatinous condition of the mineral matter;
and that of hyaline quartz and rock-crystal to the perfect fluidity of the
dissolved silica. ‘“ Lorsque la silice a été complétement dissoute, et par
conséquent dans un état de liquidité parfait-, elle a cristallisé et produit
le quarz hyalin, Mais lorsqu’elle était en consistance gélatineuse, elle a
produit les silex et surtout ceux qu’on désigne par le nom général d’agate
et de calcédoine.”’— Essas sur les Orbicules sili Amn. Sci Nat.
1831, vol. xxxiii. p. 200.

In the specimen of Trigonia from Tisbury, previously mentioned
(p. 527), the branchia are completely silicified ; and some of these fila-
nents, when examined under a high power, Show e othicuiar structure

hich characterizes chalcedonic s\ice.
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been in a pasty condition when it suffered without fracture
such abrupt curvatures. Mr. Darwin states that the de-
tached concentric layers resembled gigantic semi-cylinders
of quartz, like  draining- or ridge-tiles. One specimen was
twenty feet long and twelve in diameter.*

It would appear, therefore, that silex or quartz may be
formed in two ways: by the action of thermal waters
(p- 93, &c.), and by the influence of intense heat. The re-
mark of Professor Keilhau here applies with equal force as
to the experiments which called it forth: — “The greater
-part of the crystalline rocks have an entirely hidden origin
and development. Chemistry alone cannot decide this
question, for the same minerals can be composed in nature
by different processes. By the side of the celebrated fact
which showed the possibility of the formation of felspar by
heat, we can now place experiments which prove the pos-
sibility of producing felspar in the moist way.”

Mica-schists and gneissic rocks are widely expanded over
Europe and America; and everywhere abound in metal-
liferous veins. They are of various ages; and their meta-
morphic character is proved by the occurrence of gneiss, .
mica-schist, and talcose-:chist in the Alps, Apennines,
Andes, and Alleghanies under circumstances showing that
their erystalline structure has been acquired since the origin
of many of the fossiliferous strata; even in some instances
long after the deposition of those which repose directly
upon them. On the other hand, the gneiss of Kinnekulle
in Sweden, or of the Falls of Montmorenci, and many of
the unstratified or plutonic rocks of the Adirondach moun-
tains, west of Lake Champlain, are of older date than any
strata in which organic remains have yet been found.t

In the North Highlands of Scotland, as already stated

# Mr. Darwin, On the Geology of the Falkland Islands; Quarterly
Geological Journal, vol. i’ p.267.
t Sir C. Lyell’s Travels in Ameiica, vol.ii. v.\'D.
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-(p- 809),we have both an old primordial gneiss and a younger
metamorphic gneiss within a section of a few miles in
length.*

24. Basarr or Trar.—The consideration of the ancient
volcanic rock designated by the various names of Whin,
Trap, Basalt, and Clinkstone will next engage our attention.
Basalt occurs in veins or dykes, which traverse rocks of al
ages; it also occurs in layers spread over the surface of the
strata, or interposed between them. Many modern lavas
differ so little from basalt, that it is unnecessary to adduce
proof of the volcanic nature of this rock. Dr. Macculloch
observes, that from lava to basalt, and from thence to syenite,
porphyry, and granite, there is an uninterrupted succession:
as agents in geological changes trap and granite are identical;
and that it is a mere dispute about terms to refuse the name
of submarine lavas to basaltic dykes. They are as much the
product of extinguished volcanos, as the basalts, lavas, and
tuffs of Italy are the result, in some cases, of extinct, and,
in- others, of active volcanos.t Beds of felspathic and
basaltic materials, of a friable and coarse texture, are often
found in the older rocks; these are volcanic ashes and grits,
that have been formed at the bottom of the sea, during the
accumulation of the sedimentary matter with which they
are associated (p.818). In some places they appear as cur-
rents or sheets of pure volcanic materials; at others they
envelope marine remains, pebbles, sand, and fragments of
rocks ; some layers consist of fine volcanic scorie passing
into sand; and all these varieties alternate with beds com-
posed exclusively of shelly and marine sediments ; so that
no doubt can be entertained that the diversified masses, thus
arranged in parallel strata, must have been formed during
the same period of igneous action. These evidences of an-
cient volcanic operations are similar to those observable in
the modern deposits of Sicily, where banks of existing species

* See * Siluria,” 2nd edit. p. 199. t System of Geology, vol. ii. p. 114
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columns, the upper parts of which have been swept away
by the action of the waves. The surface, therefore, pre-
sents the appearance of a pavement composed of enormous
angular blocks of stone ; whence has originated the popular
name of the Giants' Causeway. In the cliffs, a natural
cavern has been excavated by the inroads of the waves, about
sixty feet high, and of great picturesque effect; the en-
trance is nearly thirty feet in width, and the walls are formed
of dark basalt.

But the great interest of this spot, in a geological point
of view, is the altered structure observable in the sediment-
ary rocks wherever they are in contact with the basalt.
The Chalk, in this part of Ireland, constitutes a line of cliff
traversed by trap, which occurs in vertical dykes, and in ex-
tensive beds, and has a columnar structure.

Chalk.
Ay

1 2 4 3 2 13 2 1
LIGN. 207.—TRAP-DYEES TRAVERSING CHALK : IN THE ISLE OF RATHLIN.#

1, 1. Chalk.

* 2, 2, 2. Chalk ged into marble by contact with the
Trap-dykes.
3. A narrow Trap-dyke or vein (1 foot thick) traversing altered
Chalk.

4. Trap-dyke, 85 feet wide.
5. Trap-dyke, 20 feet wide.

The chalk-strata have a total thickness of about 270 fect,
and rest on a green sandstone, called mullcttoe, which is the
equivalent of the Upper Greensand of the south-east of

¢ See the Memoir by Conybeare and Buckland, Geol. Trans. vol. iii
p. 196, &c. The student may also with advantage consult Portlock's
* Report on Londonderry,” &c. for an account of the Chalk and Basalts
of the Antrim coast; also Mr. E, Hall’s paper in the Edinb. New. Phil. .
Journ. new series, vol, v. p. 53,

1

1
]
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Whin-sill * of Yorkshire. The latter is an enormous ba-
saltic dyke, which traverses the island from the Tees to Robin
Hood’s Bay, and intersects all the strata from the lowermost
beds of the coal-measures to the oolite inclusive.

27. TraP-DYKES IN THE ISLE OF SkyE.—In the Isle
of Skye the intrusions of basalt are on a large scale, and
present many important and instructive examples of the
disturbance and altered character of the sedimentary rocks,
that have been exposed to their influence. From the
numerous sketches that illustrate Dr. Macculloch’s work on
the Western Isles,t I have selected the one before us
(Lign. 208), as exhibiting vertical, oblique, and horizontal

Li6N. 208.—TRAP-DYEE ON THE COAST OF TROTTERNISH. IN THE ISLE OF SEYR

a, Vertical Trap.
b, ¢, d, Trap-veins sent off from the mass a.
¢, Strata of sandstone.

veins or dykes; a large mass of trap is seen abutting, at g,
against the sandstone-strata ¢; and giving off a thick ho-
rizontal stream, which sends off branches both upwards (4)
and downwards (d), and finally divides into three small
veins (¢, ¢, ¢).

In the cliffs at Straithaird, in the Isle of Skye, the sand-
stone-strata are traversed by numerous vertical dykes and
veins of trap; and the latter in many places have decom-

# See Prof. Sedgwick’s valuable Memoirs, on the Trap-rocks of York-
shire and Durham, in the Transact. Cambridge Phil. Soc. vol. ii. p. 21,
and p. 139.

'+ This work should be referred gfo, in order to obtain an adequate
*dag of the extent and complexity of the trap-dykes and veins in the
' of Skye and others of the Hebrides. See dlso Wr. Gelkie’s Memoir

ie Geology of Strath in Skye, Quest. Journ. Geol. Boe. Tl 1wp R
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posed, and left perpendicular fissures, as is shown in the
annexed sketch (Zign. 209) ; the reverse of the phenomena
observable in the Val del Bove (p. 865).

LIGN. 209.~VERTICAL CHANNELS IN SANDSTONE-STRATA, LEFT BY DECOMPOSED TRAP-
DYKES; AT STRAITHAIRD, ISLE uF SKYE.
{ Dr. Macculloch’s Western Isles.)

Porphyritic dykes and veins also occur abundantly in the
same island, in some instances protruding through, and in
others spreading over clay-slate, red sandstone, and shelly
limestone.

In some, of the slate-districts, where the trap has burst
through and overflowed the strata, fragments of slate are
found imbedded in the basalt, appearing to have been de-
tached from the rock at the intrusion of the lava, and en-
veloped while the latter was in a state of fusion.

Sometimes the fractures and displacements of the strata
are on so small a scale as to exhibit the relative connexion
of the separated portions, as shown in this sketch of trap
intruded between sandstone, in the Isle of Arran (ZLign. 210,
fig. 4). This island, which is the largest in the Firth of
Clyde, presents, like the Isle of Wight in the south-east of
England, an epitome of the geology of the neighbouring
mainland. There “ the four great classes of rocks—the fos-
siliferous, volcanic, plutonic, and metamorphic—are all con-
spicuously displayed within a very small area, and with their
peculiar characters strongly contrasted.” *

® Lyell’s Manual, 5th edit. p. 589. I mnch regret that my limsit
will not udmit of 8 detailed notice of this most in\eresXimyg Wand s, w
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28. GRANITE.—Various modifications of the compound
mineral termed granite (see above, p. 882) constitute a great
proportion of the hypogene rocks, and are found almost
everywhere beneath the gneiss and mica-schist, and often
in contact with strata of the secondary and even tertiary
formations. In the British Isles granite appears in Galway,
Donegal, Armagh, and Down, Wicklow and Carlow;* in
Cornwall and Devon ; Pembrokeshire ; Anglesea ; Kirkeud-
brightshire ; Aberdeenshire, &c.; and .forms the nucleus of
Skiddaw, Shapfell, Ben Nevis, and other mountain-peaks.

Granite-veins.t—Granite often occurs in dykes and veins
which traverse not only other rocks, but also the preéxist-
ing masses of granite; proving that the formation of this
mineral has taken place at various and distant periods.
Veins are fissures or chasms produced in rocks either by
mechanical disturbance, or by contraction of the mass dur-
ing its consolidation or refrigeration, and which have been
filled by subsequent infiltration or sublimation, or by in-
jections of mineral matter in a state of fusion from a sub-
terranean source. Although many metallic veins are syn-
chronous with the rocks they traverse, having been formed
by segregation during the consolidation of the mass, yet the
veins and dykes of volcanic matter are obviously of later

must refer the reader to the work cited, and to the excellent guide to the
Geology of the Isle of Arran, by Prof. Ramsay. See also Prof. Phillips's
¢ Manual of Geology,” 1855, p. 503, &c., for some interesting details and
sketches of the general geology and plutonic rocks of Arran.

* Some instructive observations, by the Rev. Prof. Haughton, on the
composition of some of the Granites of Ireland, illustrated by numerous
analyses, and accompanied by remarks on the relative distribution of
the several varieties of potash-granites and soda-granites, will be found
in the Quarterly Journal of the Geological Society, vol. xii. p. 171, and
also in a second Memoir read before the Society in January, 1858.

1+ See De la Beche’s “ Geol. Observer,” 2nd edit. p. 575, for descrip-
tions and illustrations of these phenomena. Also Phillips’s * Manual,”
p- 508,
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district. This sketeh (Zign. 210, fig. 2) represents a mass
of schistose rock crossed by granite-veins (4, ) in one di-
rection, and again by veins of porphyry (b, b, &), which cut
through both the schist and the granite. 'When gneiss is
intersected by granite, it becomes shifted, as in this example,
in which the granite-veins (Lign. 210, fig. 8, a, a, a) have
displaced the lamins of gneiss (b, b, ). Thus, by numer-
ous observations of phenomena of a like nature, it is now
clearly established that granite has been ejected during the
Silurian, Carboniferous, Jurassic, Cretaceous, and even Ter-
tiary epochs.

‘Where granite ‘has been erupted in a fluid or softened
state among secondary strata, the latter are invariably
altered near the line of junction; but when consolidated
masses of granite have been protruded, no such change is
observable. Into the slate-rocks of the Cumbrian chain
syenite, porphyry, and greenstone have been injected in 8
melted state, and now fill up fissures produced during the
general movements of those strata; but the central nucleus
of crystalline rock exhibits no such appearance.

29. GraNITIC ERUPTIONS.—In the Isle of Arran, the
granitic rocks were evidently erupted in a state of fusion,
for the slates are penetrated by veins of granite (Lign. 210,
fig. 1) ; and in some instances are changed into fine-grained
mica, or hornblende-slate.

M. Dufrenoy describes granite-veins traversing chalk, in
the Pyrenees, which have converted the cretaceous rock into
crystalline limestone, and generated in it veins of iron-ore.
The following instructive fact is noticed by M. Elie de Beau-
mont : in the environs of Champoleon, where granite comes
in contact with Jurassic limestone, whatever may be the
position of the surfaces in contact, the limestone and the
granite both become metalliferous near the line of junction,
and contain small veins of galena, blende, iron- and copper
pyrites, &ec.; and at the same time the secondary rocks ar
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indurated and crystalline, while the granite aas undergone
a contrary change. 8ir C. Lyell mentions a remarkable ex-
ample of the alteration induced in stratified rocks by intru-
sions of syenite or granite; near Christiania, in Norway,
very dark-coloured limestone is changed into white crys-
talline marble, and slate into mica-schist. Traces of fossils
are not uncommon in some of the schistose rocks, thus
unequivocally proving their metamorphic character; as, for
instance, the casts of large Trilobites found by Prof. W. B.
Rogers in the altered rocks near Boston, U. 8. (see
page 831).

In Glen Tilt, in Scotland, schist and limestone are super-
imposed on and traversed by granite, and the latter is
intruded among the former rocks, and ramifies into innu-
merable veins in the most complicated manner, proving its
perfect fusion when erupted.®

Grranite never occurs truly stratified, but it often assumes
alaminar disposition, which may be considered as a modi-
fication of concretional structure. A prismatic or cuboidal
form is sometimes observable, but this appears to be the
result of incipient decomposition, for the fissures become
enlarged by exposure to the air and water, and the rock
separates into masses resembling piles of masonry, of which
the celebrated Logan or Rocking-stones, and the Cheese-
wring of Cornwall, are examples.t

In some instances, a tendency to a columnar arrangement
i8 observable, as in the cliffs near the Land’s End. in Corn-
‘wall. The concretionary felspathic rock of Corsica (Napo-
leonite or “ Corsican granite’”) presents an orbicular struc.
ture, in which balls or spheroids of concentric and alternate
coats of hornblende and compact felspar, are disseminated
with much regularity throughout the mass.

* See the highly valuable Memoir on the Geology of Glen Tilt, by
Dr. Macculloch, Geol. Trans. (first series), vol. iii. pp. WO—3N .
+ See Appendix B, on the Logan-stonea.
3mQ
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The granites of Devonshire and Cornwall are considered
by Sir H. De la Beche to have been protruded after the de-
position of the coal-measures of Devon, and antecedently to
the Triassic series. “They appear to have been thrown up
through points of least resistance, in a line extending from
the southern part of Devonshire to the Scilly Isles, part
having protruded through the weakest places, and the
remainder being concealed beneath. From the Seilly Isles
to Dartmoor inclusive, there seems to have been the up-
thrust of one mass, which found points of less resistance
amid the superincumbent accumulations, more in some
places than in others. As the masses rose, the edges of the
detrital, trappean, and calcareous beds against which they
pressed were frequently fractured ; and into these fractures
the granitic matter was forced, forming veins which can
often be traced terminating in fine threads; so that not

~ only was the pressure great, but the fluidity of the igneous
rock sufficient to pass into spall rents and crevices.” *

A group of plutonic rocks, consisting of granite and
syenite protruded through overlying schistose and carboni-
ferous deposits, and surrounded at their base by Triassic
strata, forms the range of hills known as Charnwood Forest,
in Leicestershire. The highest ridge, Bardon Hill, is crested
with bare and rugged masses of syenite; and in various
quarries opened at the base of the hills, interesting sections
are exposed of the relative positions of the crystalline masses
and the sedimentary strata. This isolated cluster of hypogene
rocks is within a hundred miles of the tertiary deposits of
the south-east of England ; and at a less distance from the
metropolis than any other plutonio region.t

30. MeramorPHISM OF Rooks.—The transition from

* Memoirs of the Geological Survey of Great Britain, vol. i. p. 228,
and “Geol. Observer,” p. 563.

"+ See J. B. Jukes on the Gedlogy o Chernwood Forest, 4to, 1842;

~nd Excnreion to Charnwood Foresk, Medals ol Creation, vl g 88,
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granite to porphyritic trachyte passes through infinite gra-
dations, but all the modifications appear to be referable to
the degree of incandescence of the materials, the circum-
stances under which they were ejected, and their slow or
rapid refrigeration.* An instructive example of the passage
of granite into basalt, described by Dr. Hibbert, will illustrate
these remarks. In one of the Shetland Isles, a bed of basalt,
extending for many miles, is seen in contact with granite.
At a little distance from the junction of the rocks, the basalt
contains minute particles of quartz, and these become larger
and more distinct as they approach the granite : hornblende,
felspar, and greenstone (the latter is a homogeneous admix-
ture of hornblende and felspar) next appear; still nearer,
the rock cousists of felspar, quartz, and hornblende : and at
the line of junction felspar and quartz form a mass which
requires but the presence of mica to be identical with the
granite in which it is insensibly lost.t

Limestone in contact with schist frequently assumes a
crystalline structure, as if the same agency, which had con-
verted the clay into schist, had extended its influence to the
overlying calcareous beds. In the Isle of Man, interesting
examples of this transmutation occur. In some instances
the calcareous beds in contact with the fundamental rock of
schist are irregular and perfectly crystalline, but change to a
stratified disposition and earthy texture in proportion as
they are further removed from the schist. In other places
the metamorphosis takes place more gradually, each bed of
limestone (Lign. 211, a, a, a) losing its stratified character,
and becoming amorphous and crystalline (5) where in contact

® In M. Credner’s collection, at Gotha, the Editor was kindly shown
by that accomplished geologist a series of Thuringian rock-specimens,
in which porphyry was seen to pass into an argillaceous schist full of
granules of felspar; also a similar transition from granite to felspathic
schist.

+ Edinburgh Journal of Science.
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ful oxy-hydrogen blowpipe, by which the materiais were
melted into a crystalline mass, that presented, when cooled,
all the characteristics of the ruby.

M. Ebelmen’s successful experiments, also, in the pro-
duction of crystals and gems, by employing boracic acid s 3
solvent at a high temperature, have an .important besring
upon the probable mode of origin of many of the natural
mineral products in igneous rocks.*

Garnet is a well-known precious stone, of a rich brown-
ish-red colour, and is generally found in plutonic rocks;
like the ruby, it has also been made artificially, by exposing
its constituents, silicates of alumina, lime, iron, &e., to
intense heat. This experiment throws light on the occur-
rence of garnets in Anglesea and elsewhere, in shale altered
by contact with trap-dykes, though altogether wanting in
every other part of the rock; a proof that these crystals
have been produced by the effect of heat on those parts of
the sedimentary deposits which were most exposed to the
influence of the erupted mass.t

The production of such crystalline substances, though
effected by intense heat, may probably be intimately con
nected with the action of electro-chemical currents induced
by the high temperature, since M. Bequerel and Mr. Cross
have formed without heat, from solutions, by long-continued
galvanic action, crystals of quartz, arragonite, carbonates of
lime, &c., which the resources of chemistry had failed to
yield.}

* See De la Beche’s ‘ Geol. Observer,” 2nd edit. p. 578.

t+ Lyell’s Manual, 5th edit. p. 484

1 * Light, Heat, Electricity, Magnetism, Motion, and Chemical-af-
finity are all convertible material affections; assuming either as the
cause, one of the others will be the effect. These forces, in their varied
natural action upon the surface of our planet, are continually altering the
nature of its external crust.”’—Lecture on the Progress of Physical
Science, by W. R. Grove, Esq., F.R.S.
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82. METALLIPFEROUS VEINS.—In my description of the
fissures observable in consolidated strata, I mentioned that
the richest depositories of the metals occur in certain ca-
vities, termed metalliferous veins, which are separations in
the continuity of rocks, of 8 determinate width, but extend-
ing indefinitely in length and depth, and more or less filled
with metallic and mineral substances of a different nature
from that of the masses they traverse.* These natural stores
of hidden treasures are not confined to any epoch or form-
ation, nor to any tracts of country; they are, however,
most abundant in rocks that have been exposed to great
disturbances and intense igneous action, hence their pre-
valence in the metamorphic and plutonic rocks : but veins
of iron, copper, arsenic, silver, and gold also occur in tertiary
strata (vol. i. p. 289).

Some veins are evidently fissures of mechanical origin,
having been opened by elevatory forces; in many instances
they have been filled from beneath by the sublimation of
metalliferous matter by heat ; and in others from the sur-
face by infiltration, or by various materials deposited by
streams, which have flowed into them.t But in some in-
stances the veins are connected, by a gradual mineral tran-
sition, with the contiguous rock, and appear to have resulted

* In De la Beche’s ‘ Geological Observer,” the student will find the
ubject of mineral veins well illustrated, and philosophically treated.
Much valuable information on this subject is also contained in the ele-
mentary works on Geology by Phillips and Ansted ; and several important
papers on veins and the structure of mineral lodes will be found in the
Transactions of the Geological Society of Cornwall, and in the Mining
Review.

+ The filling up of the concretwnary veins, and the formation of a great
number of minerals which are there met with, whether crystallized or
amorphous, appear to admit of explanation by reference to incrusting
thiermal depositions, and do not necessarily indicate conditions or agents
far removed from actual existing canses, See M. de S8anarmont’s
observations, Edinb. New Phil. Journ. 1852, vol. W\, p. ¥
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from an electro-chemical separation, or segregation, of cer-
tain mineral and metallic partieles from the enveloping
mass, while it was in a soft or fluid state, and their deter-
mination to particular centres. The nature of these veins
receives illustration from the nests of spar and other mine-
rals common in masses of trap, and in which there appears
to have been no possibility of the introduction of any foreign
substance from without.

The vein-stone, vein-stuff, or gungue is frequently formed
of several layers of crystalline substances of variable thick-
ness. Thus against each “cheek’ or “ wall” of a vein o
lode, we may find first a coating of blende, then quarts,
fluor-spar, blende, baryt-spar, pyrites, baryt-spar, fluor-spar,
pyrites, and calc-spar ; the two opposite layers of cale-spar
either meeting face to face, with irregular cavities, or druses,
interposed, or with a middle layer or “rib” of galena. See
also p. 696. Sometimes the vein-stone is composed of one
material only, such as quartz. Frequently two or more sets
of crystallized coatings are observable in a vein, owing to
the successive infiltrations or segregations of mineral matter.
These may be composed of a similar material throughout;
or each series may vary from the others.

From the observations of M. Fournet in the mines of
Auvergne, it seems probable that in many instances sul-
phides of iron, copper, lead, and zine, sulphate of barytes,
and other minerals, have been introduced at different periods,
accompanied by new fractures and dislocations of the rocks,
and the widening of previous fissures.*

“When describing the successive openings of the veins
near Pontgibaud, M. Fournet { points out that deposits of
different mineral substances, or modifications of such sub-

¢ 8ir C. Lyell’s Anniversary Address, 1837, Proceed. Geol, Suc.
tol, ii. p. 498
t Etudes sur les Dépdis Métaliftres.
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stances, are seen to characterize five of the six successive
dislocations which he was enabled to trace ; the sixth being
marked by the introduction of pebbles and sand,—a con-
tinuation of the accumulation which still covers the country
in many places, and which is itself covered by the lavas of
the extinct voleanos of Louchadiére and Pranal.” *

The observations and experiments of Mr. R. W. Fox {
add great weight to the hypothesis which explains the filling
up of metallic veins by electrical agency. M. Bequerel {
remarks, that, when a vein is either wholly or partially filled,
the transfusion of water from the surrounding rocks would
bring electric forces into play, and give rise to decomposi-
tions and new Combinations of mineral matter. The separ-
ation of pure metal from solutions of metallic salts, by
galvanic action,—a process familiar to every one, under the
name of the electrotype,—and from the ore by a modification
of the same force, exemplifies the nature of those changes by
which native gold, silver, copper, &c. may be produced in
the interior of the earth.§

There appear to be certain associations of metallic sub-
stances in the veins ; || as, for instance, iron and copper, lead
and zinc, tin and copper, and probably gold and platinum.
The following list shows the geological distribution of a few
of the chief metals.

* De la Beche,  Geological Observer,” 2nd edit. p. 698, note.

+ Phil. Transact. 1830, p. 399, &c. See also Mr. R. Hunt’s Memoir,
On the Influence of Magnetism and Electricity on Crystallization, &c.,
Mem. Geol. Survey, vol. i.

1 Edinb. New Phil. Journ. vol. ii. p. 330.

§ M. Bequerel has succeeded, by the permanent action of electrical
currents only, in separating the metals of silver, lead, and copper from
their ores. The electro-chemical apparatus employed consisted simply:
of iron, a concentrated solution of sea-salt, and the ore of the metal
properly prepared. See notes to Dr. Buckland's Bridgewater Treatise.

|| In the Edinb. New Phil. Journ. vols. liv. and lv. is a useful and

extended digest of A. Breithaupt’s work on the Association of Wmseh.
or their “ Paragenetic Relations,” —Die Paragenesis der Minaralen,¥
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Tin—generally occurs in quartz-veins traversing granite and schist.
It has not been discovered in a native state, but is commonly
found as an oxide, and rarely as a sulphide. The ores of this
metal are of great hardness and specific gravity, and are termed
tin-stone. Wood-tin, so called from its fibrous structure, and
stream-tin, are found in the beds of streams and rivulets: they
are the alluvial detritus of tin-veins, that existed in rocks now
destroyed. The stanniferous gravel of Cornwall is the debris of
preéxisting rocks traversed by tin-veins, and has been formed m
the same manner as the auriferous alluvia of Russia, Australis,
and America. The mines of Cornwall are the most productive in
Europe, and have been worked from the remotest historical
periods. The Tyrians, as early as the time of Moses, imported
tin from that district. .

Lead.—The ores of this metal are very numerous :*and the sulphide
of lead, or galena, occurs in primary and secondary rocks. In
Derbyshire, the principal veins of lead are in the carboniferous
limestone.

Copper—is found in primary, secondary, and tertiary rocks, and ir
modern deposits ; it often occurs mative, that is, in a pure me-
tallic state, sometimesin blocks many tons in weight : its ores, or
combinations with other metals and minerals, are very numerous, '
Cornwall is the principal European repository of this metal.

Gold—exists in granite and quartz-veins traversing metamorphic rocks.
The gold found in the mud and sands of rivers has been derived
from gold-bearing veins which existed in rocks subsequently
broken up and disintegrated : such is the origin of the auriferous
sands and gravels of Russia,® which we shall presently describe.

Silver.—This metal is found in crystalline and metamorphic rocks;
often native, but generally in ores associated with arsenic, cobalt,
&c. Sulphide of silver (a combination of metallic silver and sul-
phur) is the most common ore of this metal. Masses of pure
silver, 200 Ibs. in weight, have been found in Norway. The rich
Mexican silver- and gold-mines are in porphyritic rocks.

® See the * Geol. Russia and the Ural,” vol.i. The gold-diggings

of California, Australia, New Zealand, and elsewhere,—their mode of

working, general produce, and several large pepites or nuggets,—have

of late years been brought before the public in the newspapers and other

periodicals, and in numerous special works. The Parliamentary Re-

ports on Australia and the Journal of e (‘xm\wg\va\ Society contsin
much information on the subject.
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now covered by auriferous detritus were probably then occupied by
lakes, into which were drifted, in the course of ages, the bones of the
large extinct mammalia which inhabited the surrounding plains and hills,
and the detritus of the rocks and strata. The sudden upheaval of the
Ural crest, which has evidently taken place in a comparatively recent
period, broke away the barriers of the lakes, and elevated some masses
of their shingly bottoms and shores into irregular mounds, which sub-
sequently became desiccated, and now constitute the auriferous alluvia.*

34. CuprEOUS DEPOSITS.—An illustration of a metallic
deposit by the effects of chemical action, without the ageney
of heat, is afforded by a singular formation of copper-ore,
which occurs in New Brunswick. In a bed of lignite, co-
vered by a few feet of alluvial soil, and resting on a con-
glomerate, the precise nature of which is not stated, there is
a nearly horizontal layer of green carbonate of copper, about
eight inches in thickness. The ore is disseminated through
the lignite, in the same manner as metallic ores are usually
blended with their accompanying vein-stones. This bed
bears a close analogy to the modern cupriferous deposits of
Anglesea, and of some parts of Hungary and Spain, where,
at the present time, water charged with copper in solution
is by the introduction of iron made to precipitate the former
metal. From the stratum of lignite occurring with the cop-
per, and the mode in which the latter is interspersed through-
out the mass, it appears that the water in which the vege- '
table matter floated was at the same time saturated witha
solution of copper, and that both the organic and mineral
substances subsided to the bottom together, and formed the
singular compound deposit under consideration ; over which,
probably at a subsequent period, the alluvial covering was
drifted.

Near Perm, in Russia (see page 567), rich cupriferous
grits occur, associated with thin seams of coal and abundance
of fossil vegetable remains. The copper-ores are frequently

® See “ The Geology of Russia,” vol. i. pp. 485—487.
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eonglomerate, p. 788),—then as s brown oxide in s chaly-
beate spring,—then as s yellow ochre in a secondary ssnd-

stone,~then as & component part mthowmmdtmgld.

» thick forust of arboraceous plants,—then sgain as an iroe
carbonate slowly accomulsting at the bottom of & morass of
the Coal-measures, then as s layer of indurated bands and
nodules of brown ore, underlying s seam of coal,—and then,
finally, that it should hﬂ.vebeendugout,lndmeltad,nd
ﬁulnoned, and employed for the purpose of handieraft, sd
yet ocoupy, even st this stage, merely s middle place betwem
the transmigfations which have psssed and the changs
which are yet to come!>*

86. Rzvixw or ruz Hyrodiws nooxs.—Enough bs
been advanced to convey a genersl ides of"the charactes
and relations of the hypogene rocks, and of the changes
induced on .contiguous sedimentary deposits by their infle-
ence, when injected or upheaved in an incandescent state.

The traces of stratification—a structure which we bave
seen is characteristic of aqueous deposition—are evident in
the uppermost metamorphic rocks ; and there is also a dis-
tant analogy to the alternate depositions of secondary beds,
in the succession of different mineral masses, as gneiss, mics-
schist, quartz-rock, &. But in the lowermost term of the
series, the granite, even these apparent relations to the
stratified formations are altogether wanting; and in the
amorphous masses, veins, and dykes, we see the effects of
long-continued and intense heat, produced under circum-
stances which have given to the resulting rocks a very
peculiar character.

The transmutation of chalk .into crystalline marble,—of

loose sand into compact sandstone,—of argillaceous slate

into porcelain-jasper,—of coal into anthracite,—of shale snd

mud-stone into slate,—of slate into micaceous schist,—of

micaceous schist into gneiss and gra.nite,—of the latter into
* The Old Red Sandstone, p. 250.
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rocks derived P—whence originated the materials upon which
igneous action exerted its influence, and produced those
crystalline masses which are the Ultima Thule of geological
research ? Was granite, as Humboldt has supposed, the
basis or framework upon which the first aqueous sediments
were deposited P—These are questions which we are not in
a condition to solve; and it does not appear probable, that
vestiges of the first dawn of creation upon the surface of our
planet will ever be revealed to mortal eye.

‘37. Oreanio REmaINs IN THE MEeTAMORPHIO RoCKS.
—I have stated, that with the lowermost of the slaty rocks,
or crystalline schists, all traces of organization arelost; but
this assertion requires some reservation, for, as an eminent
geologist has remarked, “with the exception of granite,
probably no rock is known beneath which organic remains
may not be found.”* Let us here resume the inquiry.

The extent to which the metamorphism of sedimentary
rocks changes their lithological characters is variable ; and
80 also is the degree in which the organic remains imbedded
in those deposits are obscured.by this change. Some of the
strata that have suffered from metamorphic agency in the
Alps and Andes frequently retain impressions of fossils
sufficiently distinet to enable the palmontologist to decide
the geological age of these schists and slates ; some of which
are of secondary, and others even of tertiary age.t

So also many of the much-altered Devonian and Silurisn
rocks have given up to persevering research abundant fossil
relics, in Europe, England, and North America. We may
instance M. Bischoff’s discovery of Upper Silurian plant-
remains in the slaty schists of Migdesprung (p. 822); Mr.
Salter’s and Dr. Kinahan's discoveries of fossils in the

* Macculloch’s Western Isles, p. 514.

+ The German geologists have come to the conclusion that the Glarus-
slates (see p. 365) are of eocene age. In the Carinthian Alps there are
black slates of cretacevus age.
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M. Ehrenberg, to whom we are so greatly indebted for
opening this new field of inquiry, has discovered the remains
of the minute vegetable organisms known as Diatomaces,
not only in aqueous, but also in volcanic products. The
‘ferruginous or ochreous film or scum seen on the waters of
marshes and of stagnant pools, or at the bottom of ditches,
sometimes forming a red or yellowish mass many inches
thick, without any consistence, dividing at a touch into
minute atoms, and which, when dried, resembles oxide
of iron, is found to be wholly composed of the shields or
frustules of ‘the Gallionella ferruginea : and the formation
of bog-iron-ore is supposed to be in a great measure depend-
ent on this source. The semi-opal and the tripoli of the
tertiary deposits are wholly composed of fossil remains of
this kind ; and Ehrenberg distinctly states, that while in the
instances above mentioned there cannot be the least doubt
of the nature of the organic remains, in the semi-opal of the
serpentine of Champigny, and in the precious opal of the
porphyry, he has detected bodies so exactly similar that,
although at present he hesitates positively to affirm that
they are organic, he can scarcely entertain any doubt upon
the subject.

As Ebrenberg has also discovered silicious infusorial re-
mains in volcanic ejectamenta, it can be conceived that such
indestructible organic atoms may exist even in metamorphic
crystalline schists. This branch of palmontological research
requires, however, peculiar patience and acumen ; and it 18
to be hoped that the observations of the Rev. J. B. Reade*
and Mr. Bryson,t who have found minute bodies resembling
Gallionelle, Navicul®, &ec., in mica-schists, will be followed
up with caution and perseverance.

38. CHroNorLoGY OF MOUNTAIN-CHAINS. — We have
seen that the intrusions of molten rocks have not only
altered the chemical nature of the strata through which

* See Appendix C. 1 Bdin. N, Phil. Journ. N. S. vol. i. p. 368
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stone, but older than the Greensand and Chalk. 2. That
the Pyrenees and Apennines are of about the same age
with the chalk-formation. 3. That the western part of the
Alps is of later origin than the older tertiary formations,
and was raised up after the last of the newer pliocene beds
were deposited.

The Caernarvon chain was elevated anterior to the depo-
sition of the mountain-limestone, for the latter wraps round
it like a mantle.®*

Professor Phillips infers, that when the Grampian Hills
sent forth streams loaded with detritus to straits where now
the Valleys of the Clyde and Forth meet, the greater part
of Europe was beneath the sea. For the Pyrenees and
Carpathian Mountains are younger than the Grampians and
the Mendip Hills.

That the suddem protrusion of such immense masses s
the Alps or Pyrenees from the bottom of the ocean must
have dislodged vast volumes of water, and created a series
of waves high and powerful enough to cause transitory but
destructive inundations over such portions of the adjacent
dry land as were only a few hundred feet above the level
of the sea, cannot be doubted; but, if the elevations were
gradual, such effects would take place only in a very slight
degree.

39. SysTeEMs oF ELEvATION.—From the facts and ob-
servations that have been adduced, it is sufficiently obvious
that prodigious masses of granite and other hypogene rocks
have been raised into ridges and mountain-chains at various
periods, and long after their first formation and subsequent
consolidation. In many cases the protrusions are local
and of comparatively small extent, at least so far as their
distribution on the surface is concerned; for very distant
isolated peaks of plutonic matter may have a deep-seated
connexion. But in other instances the elevatory force has

¢ Professor Sedgwick.
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miles. This magnificent glen, with its system of rectilinear
lochs or lakes, and friths, has been produced by a wedge-
shaped ridge of gneiss having been upheaved in a solid mass,
and forced throngh the stratified deposits which now abut
against it in highly inclined positions. That this vast ridge
of plutonic matter was in the state of a hard rock when
elevated, is inferred from there being no interpolations of
volcanic products among the contiguous Devonian strata;
and from the latter manifesting no indications of the
changes which would have been induced by intense heat.
Hence the sharp mountain-ridges and peaks of these Alpine
regions, the precipitous glens, the narrow passes, and the
deep lochs studded with islands, presenting every variety of
combination and contrast of rock, and wood, and water,
which constitute the magnificent scenery of the Highlands.

Now, by a reference to a geological map of England and
Scotland, it will be seen that the principal mountains or
ridges of elevation of these countries extend in a line nearly
parallel with the direction of the Caledonian Valley, from
the Atlantic to the German Ocean. As, for example, the
Grampians, which have thrown up the Devonian strata on
their southern flank ; the nearly parallel range of the grest
coal-field of Scotland; the Silurian rocks of the south of
Scotland ; and successively the principal secondary groups
of England. “In all,’ as Mr. Miller observes, “there i8
an approximation to parallelism with the Caledonian Valley,
affording proof that this was the general direction of the
elevatory force, during all the immensely-extended term of
its operations, and along the entire length of the Island.”*

® The Old Red Sandstone, p. 105. “It is a fact not unworthy of
remark, that the profound depths of Loch Ness were affected by the
great earthquake of Lisbon in 1755 (p. 843) ; and that the impulse, tru¢
to its ancient direction, drove the waves in long furrows to the north-east
and south-west.”” See Appendix, D.
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41. Srructure or BeEn NEvis.—Though all granitic
rocks are of the same geuneral character as to structure,
composition, and formation, they belong to different epochs;
and, when in juxtaposition, or intercalated with sedimentary .
beds, their relative age may be determined, as we have
previously explained. Even when these aide are wanting,
different epochs of eruption are sometimes indicated by
variations in the mineral aspect of the rocks; and I will
conclude this subject with a short notice of a highly illus-
trative example.

Ben Nevis, the monarch of the Scottish mountains, is
situated on the southern border of the great Caledonian
Valley, suddenly rising up in imposing grandeur from the
low country, to an altitude of 4370 feet above the level of
the sea. The base and lower portion of the meuntain are
composed of gneiss and mica-schist ; above and within which
is & zone of granite ; and within the latter, and rising out
of it, is a central, naked, rocky prism of porphyry, which is
the nucleus, and forms the highest peaks of the mountain.

The inference as to the relative age of these three dif-
ferent masses of plutonic rocks from their order of super-
position is the very reverse of that deducible from such an
assemblage of sedimentary strata. In the present case the
outer or overlying gneiss and mica-schist that envelope the
lower region of the mountain are the most ancient; the
granite is the next in age, having protruded through and
upheaved the gneiss; and the central nucleus of porphyry
is the youngest, or last erupted rock, having been forced
up through the dome of granite. These three phases of
plutonic action may have taken place at different and very
distant periods; in like manner as the beds of tuff and
scorie of Vesuvius -or Etna, ejected a thousand years ago,
may be upheaved and traversed by the modern eruptions of
incandescent lava.
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42. RerrosPECT.—I now approach the termination of
this argument, and it will be instructive to review the
phenomena which have passed before us, in order that we
may retain a clear conception of the leading principles and
inferences that have been enunciated. I shall, therefore,
in the first place, offer a summary of the most important
changes which have taken place in the animal and vegetable
kingdoms, and in the physical conditions of the earth’s
surface, during the vast periods which our investigations
have embraced ; and conclude with a retrospective survey of
the effects of vital action in the elaboration of the solid
materials of the crust of the globe.

‘With the view of recalling the principal facts, I now place
before you the series of Illustrations employed in these
Lectures, that you may perceive at a glance the striking
contrast presented by the Faunas and Floras of the respect-
ive geological epochs.* In the first stage, traces of the
existing species of animated nature were everywhere apps-
rent ; and works of human art, with the bones of man and
the remains of contemporaneous animals and vegetables,
were found in the modern deposits. In the preceding ers
(the Zertiary) many existing species and genera, of plants
and animals, were absent. Large terrestrial pachydermata
greatly predominated, and the vegetation was principally of
a character referable to temperate and intertropical climes;
while the seas abounded in fishes, crustaceans, and molluscs,
as at the present time.

The next period (the Cretaceous) presented a wide ocean,
teeming with the general types of marine beings, but of
different species and genera to those of the later eras, and

* The reader may realize this idea by referring to the illustrations of
these volumes, commencing with the fossil human skeleton (vol. i. pp. 87
and 88), and proceeding from the large mammalia (pp. 153, 168, 175),

to the last of the series, the fossils of the paleozoic deposits (pp. 794,
828, and 829).
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bearing a large proportion of extinct cephalopodous mol-
lusca. Some algm represent the marine flora; and drifted
trunks and leaves of cycads, conifers, and dicotyledonous
trees, and a few reptiles, were the only indications of the
dry land and its inhabitants. The delta of a vast river now
appeared (the Wealden), containing the spoils of an exten-
sive island or continent ; and the remains of colossal reptiles,
of small mammalia, and of insects, and of extinct tropical
plants, marked the era of the country of the Iguanodon.

‘We were then conducted to other seas (those of the Oolite
and Zias), the waters of which abounded with fishes, mol-
luses, and zoophytes, and were inhabited by marine reptiles,
wholly unlike any that now exist; while the dry land was
tenanted by enormous terrestrial and flying reptiles, small
marsupial animals, and insects, and possessed a subtropical
flora of a peculiar character.

The T'riassic deposits showed us a somewhat similar group
of animals and vegetables. But in the Permian strata,
though so similar in mineralogical characters to the last, we
met with a totally different fauna and flora; and indeed
entered upon the palzozoic system of life, having passed
downwards through the successive periods of the neozoic
system. The Permian sea was full of life, and the land
was clothed with ferns and conifers, and was inhabited by
many reptiles, which united the characters of the saurians
and the batrachians ; and possibly mammals also existed.*

The succeeding era disclosed extensive regions covered by
3 luxuriant vegetation (the Carboniferous); with jungles
and forests of arborescent ferns, conifers, and gigantic trees
related to the existing club-mosses and equisetace®; the
aumerical preponderance of the flowerless plants constituting
1 botanical character unknown, with but one exception, in
nodern floras. The land bore sauro-batrachian reptiles and
msects ; the fresh and brackish waters swarmed with mol.

* According to Emmons ¢ see p.510.
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luscs, crustacesns, and fishes; and ths coesm shounded
in fishes, molfuscs, and zoopbytes, of peeuliar geners snd
species. Weo advanced to other oceans (the Devonien and
the Silurian), the repositories of corals, erincids, and mol-
Juscs ; all of the palmosoie types of form. The Devonim
waters, too, swarmed with fishes, somé of them similar to
those of the Carbomiferous period; snd s few reptiles
existed. The Silurian seas were for a long time destitute
apparently of fish; but at last a few, similse $o those thet
abounded shortly sfterwards, sppeared before the Silurisn
period closed. In the Devonian series we saw abundant re
lics of terrestrial vegetation, relsted to that of the Can
boniferous lands ; nor is some trace of such a flors wanting
mthehberpahmofthoﬂilmlge.

But as we proceeded in a descending order, traces of s
mal and vegetable existence became less and less manifest,
and were at length reduced to worm-mszks and a few doubt-
ful sea-weeds ; these fibally disappeared, and dubious vestiges
of infusoria were the last indications of organie life.

43. SUCOESSIVE CHANGES IN THE ORGANIO KINGDOMS.
—If we reverse the order of our retrospective survey, and
pass in succession from the moset ancient to the modern de-
posits,—from the regions of sterility and plutonic actio,
to those in which animal and vegetable life were profusely
developed,—we obtain the following results :—




CHARACTER OF TH® FOSSIL FLORA.
D\ Freone @
’ copodiaceous remains in the upper-
a ymost beds.

e~
re { Fucoids, Lyoogodiacem, Calamitacese,
Ferns, and Conifers.

~3

ce mitaces and Equisetacee, Ferns,
of [ Conifers, Cycads, and some Phanero-
gamic plants.

ul‘;}Fucoidx;, Lycopodiaces, Calamitaces,

i st}Fucoids, Fungi, Lycopodiaces, Cala-

and Equisetacess, Ferns, Cycads. -
and Conifers.

a,Y Fucoids, Equisetacese, Conifers, and
- Cycads. e last are more abund-
ant than in the Paleozoic ages.)

Fucoids, Fungi, Lycopodiaces, Chara-
cem, uisetacess, Ferns, Cycads,
+  Palms, Conifers, and Angiospermous
plants. (The last were plentiful only

in the Cretaceous period.)

The numerous families of the Acoty-
ledonous, Monocotyledonous,and Di-
cotyledonous classes that exist at the
present day. (See p. 734.) (The
abundance of Angiospermous vege-
tation characterizes the Tertiary
flora, as distinct from that of the
Secondary periods.)

to have been made by Birds; and now even Prof.
ks that Agassiz's view of their having been made by
occurs in the Dinornis ; showing that the presence
bove, p. 588.

: (To face page 028.
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This sketch, afforded by the accompanying table, presents
an outline of the most striking changes observable in the
succession of organic beings preserved in the respective
formations.

In this view, fucoids, annelides, zoophytes, crinoids, crusta-
ceans, and molluscs afford the oldest evidences of organic ex-
istence remaining to us. These receive the addition of lyco-
podiaceous plants on the one hand, and of fishes on the other:
‘both possibly indicating the growing up of a neighbouring
shore in the Upper Silurian sea of the British area. In the
succeeding periods reptiles and insects appear, with sauroid
and other fishes, and an immense development of vegetable
forms, particularly of the cryptogamic class. Large reptiles
next prevail to an extraordinary degree; and doubtful indi-
cations of birds,and a few small mammalia, attest the existence
of ;the higher orders of animals. The vegetable kingdom is
greatly modified ; palms appear, and plants and trees of the
cycadeous and coniferous tribes preponderate. The next re-
markable change is in the sudden increase of mammiferous
animals, and the reduction of the reptile tribes; the large
extinct pachydermata, as the mastodon, mammoth, &c., asso-
ciated with existing genera and species of other classes of
animals, first appear. From this period to the creation of
Man, there are no striking general modifications in the
various orders of animal and vegetable existence.

Hence, according to our present paleontological know-
ledge, the first appearance of certain classes and orders of
animals was in the following chronological orders :—

FEyoDs. * ( Radiaria.
’ Invertebrata { Crustacea (Entomostraca).
CAMBRIAN AND
SILURIAN Mollusca.
Vertebrata. } Fishes (Cephalaspides
(In the Ludlow rocks only.) and Placoids).

DEVONIAN g Fishes of several families, but all keteracercal.

Reptiles (rare; p. 797).
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Reptiles, numerous (Batracho-ssurisns).

Land-shell (Non-Seoti&).

Insects.

‘Orustaceans, of lngha grade than the Entomostracs.

Prmaan . { Reptiles (Batracho-sauriane and Saurians).

Mammals (Chatham Coal-fiald, North (hrdm)

Fishes, mostly Aowmocercal,

Reptiles, abundant (Bm-mmm
and others).

Mammal (Stattgart).

Great Terrestrial Di

Pterodactyles.

. Crocodilian Saurians,

Jumasaio’ awD mum(pmm [Smmm-].ln-

Casracxovs supial, Insectivorous, and Cetacean ?)

Birds?

Freshwater Pulmoniferous Molluscs.

Mammalia of all orders, except Man, (The Busi-
TeeTIARY ., .{ nDantia and Proboecidea appeared last.)

Birds.
PosT-TERTIARY  Man.

It was from this apparently successive development of
living beings, from the most simple to the most compler
organizations, that the geological theory which once pre-
vailed took its rise;* but I scarcely need remark, that the
facts we have stated warrant no such inference: for many
of the fossil animals which appear in the most ancient o¢
earliest strata belong to orders having a highly developed
organization. Nor does the vegetation of those remote pe-
riods lend any real support to such a hypothesis ; conifers
and the most perfectly organized of the cryptogamie clas
forming the flora of, at least, the Upper Pal®ozoic pariod.

44. GEOLOGICAL EFFECTS OF DYNAMICAL AND CHEMICAL
ActioN.—The physical changes that have taken place on
the earth’s surface are in perfect harmony with the modi-
fications - observable in animated nature; for the laws of
mechanical and chemical action are inseparably connected

# See Organic Remains of a Former Wodd, wdu . p. 49.

CARBONIFEROUS

TRIASSIC. .+ «
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45. STRATA COMPOSED OF ORGANIC REMAINS.—In a pre-
vious discourse (Lect. VI.) I dwelt upon the highly inter-
esting subject of the elaboration of calcareous and silicions
strata from gaseous and fluid elements by vital action, and
the formation of islands and continents by the agency of
countless myriads of living instruments. Let us for a mo-
ment consider how far the present mineral constituents of
the earth’s crust have been derived from organized beings.

The strata of vegetable origin consist of peat, of forests
ingulfed by subsidences of the land, or imbedded in the
silt and mud of rivers and deltas, or in the bed of the ocean,
—of the lignite and brown-coal of the tertiary deposits,—of
- the coals and shales of the carboniferous strata,—of the
fucoid-beds of various ages,—and of the silicified and calcified
trunks of trees in the tertiary, secondary, and upper palezo-
goic forraations.

But the strata which consist wholly, or in a great mes-
gure, of animal exuviz are so numerous, and of such pro-
digious extent, that the interrogation of the poet may be
reiterated by the philosopher—

““ Where is the dust that has not been alive? >  Youne.
For there is not an atom in the crust of the globe that may
not have passed through the complex and marvellous labor-
atory of life!

Thus we find that all the varied orders of animals, from
the Animalcules up to Man, have contributed, more or less,
by their organic remains, to swell the amount of the solid
crust of the earth. The following table presents a concise
view of some of the most obvious examples of this indisput-
able fact :—

RoCKS COMPOSED WHOLLY OR PARTLY OF ANIMAL REMAINS.

Strata. - Prevailing Organic F
Graptolite-schists . Graptolites. . . . . , Llandeilo rocks
Trinucleus-shales . Trilobites . . . . . . Caradoc rocks
Pentamerus-rock . Pentamerus ens, &e. . . Llandovery rocks
Corals, brachiopeds, \“'\W ot 1o

Dudley-limestone o70n, crnoids, &, .
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Strata. Prevailing F

Gothland-limestone Beyn;:lh"ie&c b“"‘ih“tp"d".} Wenlock rocks
Navicula-band . ., Athyris navicula. ., . . Ludlow rocks
Bone-bed . . . . Coprolites, fish-bones, &c.. Ludlow rocks
. Fish-remains in nodular
C .
ephalaspis-beds concretions . . } Old Red
Caithness-flags . . Fish-remains and bitumen Old Red

Devon-marbles . . {co‘:xo‘d:“h shells and} Devonian
Calcoola-schist Calceola sandalina and other} Devonian
t { shells . .
imest Clymenia, goniatites, with .
Cymenia-lim ) { other shells, and tnlobltes} Devonian
e . Minute  entomostraca, .
Cypridina-schist . . shells, plants, &c. } Devonian

Coral marble . . . Corils, brachiopods, &. . Mountain-limestone
Encrinital marble . . -
and shales . . . } Crinoids, brachiopods, &c. Mountain-limestone

Shell-limestone . . {Bmchmp ods, fotamxmfem,} Mountain-limestone

&c. . .
Pusuling-rock . . Fusulina cylindrica . . . Mountain-limestone
. Teeth and spines of fish, s
Pish-beds . . . { with shells and corals } Mountain-limestone
Freshwater shells, such as
Musel-banas . . . { anthracosie, &c.
Iroustone-nodules . Limuli, insects, and shells  Coal-measures
Fihghales . . . Palewoniscus, &c.. . . . Coal-measures
Foraminifera, entomostra-
Lochatein . . . . ca, bryozoa, corals, nnd} Permian
shells

} Coal-measures

Muachelkalk or shell- }
limestone

Shells, crinoids, &c.. . . Trias

Bones, teeth, and coprolites
Bonehed ., . . . of fishes, reptiles, and} Trias
mammals (rare) . .

Anmonite-limestone

and Ammonites . . . . . Lias
Anmonite-shale .
. Shells and crinoids, with
Lissroey ,

« « «f{ bones of reptiles and: Lias

3o
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Strata- Prevailing Organic
Gryphite limestone . Gryphee and other shells . Lias
Remains of ammonites and
Cephalopoda-bed . belemnites, with fish-re- ’ Oolite
mains i . ., . .
Shelly limestone . . Terebratuleeand othershells Oolite
Stonesfield-oolite . {She“" reptiles, fishes, and} (, ..o
insects . .

g}
Caen-stone and { Shells, corals, cnnmds, }
}

Bath-stone . . tiles, and fishes . Oolite

{ Debris of shells, ecln
: noderms, &c. .
Kelloways-rock . . Ammonites and other ahells Oolite
Coral-rag . . . . Coralg shells, &c. . . . Oolite
Nerinea-limestone . Nerineew and other shells . Oolite
Terebre, trigonise, am- .
Portland-stone . . { monites, and other ahells} Oolite
Chert and flint . . Sponges, &c. . . . . . Oolite
Corbula-beds . . . Corbule and othershells . Purbeck
Cinder-bed . . . Ostreadistorta . . . . Purbeck
Purbeck-marble . . Paludine and cypride . . Purbeck
Sussex-marble . . Paludin and cypride . . Wealden
Tilgate-stone (some { Bones of reptiles and fishes, } Wealden

Forest-marble. . Oolite

beds). . . and freshwater-shells .
Lobster-beds . . . Meyeria vectensis . . . Lower-greensand
Kentishrag . . . Terebratuleandothershells Lower-greensand
Oyster-beds . . . Exogyre, plicatule, &c. . Lower-greensand

Sponges, bryozoa, shells,
echinoderms, &c.. .
Fragmentary ammonites,
Ammonite-bed . : with other shells, and } Gault
crustaceans, wood, &c. .
Chert and flint . . Sponges, shells, &. . . Upper-greensand
{Casts of chambers of fora-
minifera .

Farringdon gravel . { } Lower-greensand

Greensand . . }Upper-greensand

Hippurites, radxohtes, and
other shells . .

{ '} Chalk
{Sponges, fornmmlfera, bry-E

Hippurite-limestone .

ozoa, echinoderms, crus-
tacea, shells, fishes, and
some Tepiles . .

Flipt . . . . Sponges, &e. . . .

White-chalk . . Chalk
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Stra Prevailing Organic Remal

Sponges, foraminifera,
corals, bryozoa, echino-
derms, crustacea, shells,
fishes, and reptiles . .
Faxoe-chalk . . . Bryozoa, shells, &.. . . Chalk

Woolwich shell-bed . § Melavia, cyrene, and °“‘°'} Eocene
shells. . . . . . .

Remains of nautili or other
ghells, of fishes, or of
mammals, enclosed in
concretionary nodules

Nummulites and other fo-
raminifera, with ahells,} Eocene
fish-remains, &c. . .

Maestricht-chalk : } Chalk

Septaria of the

London clay . Eocene

Nummulite-rock .

Alveolinee and other fora-
minifera . .

Foraminifera, bryozoa. and
shells . . . .

{

1

-

y )
Gypsum-beds of {Bones of mammalm, bu‘ds }

| i)

)

¥

)

)

{

|

Alveolina-rock } Eocene

Calcaire-grossier . Eocene

Montmartre . Eocene

Indusial limestone
of Auvergne .
Fish-beds of Monte

Bolca . .

Cases’ of phryganem, thh

freshwater shells . Eocene

Fishes « « « « . Eocene

Mammals, reptiles, fishes,
(Eningen-beds . insects, &. . . . .
Paludina-beds of

Headon Hill .
Falunian beds of

Tourame,

} Eocene

Paludine, &. . . . . Eocene

Foraminifera, bryozoa, echi-
noderms, shells, fishes, &c.
Bones of mammalia, rep- }Mlocene
tilia, &. . . . .
Sponges, bryozoa, crus-
tacea, echinoderms, mol-; Pliocene
luscs, &e. . . . .
Bone-breccia. . . Mammalia and land-shells. Pliocene
Corallines, corals, serpule.
shells, crustaceans, &c. & ,} Recent

Guadaloupe - lime - { Human bones, land-shells.\
TRecenn

} Miocene

Subhlmalayan beds.

Suffulk crag . .

Bermuda-limestone {

&c., in a debris of corals
stone . . andshells . . . .

302

935



636 THE WONDERS OF GROLOGY. Lace, VIIL

This list might beexﬂngedtoamuehgreweremtmt,for
I have omitted numerous strata in which animal remains
largely predominate, such as the lingula-flags, delthyris-
shale, pentremite-limestones, and the annelide-sandstones
of Cambrian, Silurian, and Carboniferous age; and in the
tertiary and modern periods every order of animated nature
is found to have contributed, more or less largely, to the s
dimentary deposits ; the bones of Man appearing only in the
most recent accumulations; and, by the geological causes
now in action, not only the remains of the existing orders
of animals and vegetables, but also works of human ut,ne
daily added to the solid crust of the globe.

46. GzNERAL InrERENCES.—Restricting ourselves within
the bounds of legitimate induction, and forbearing to specs-
late on those points which rest on insufficient or questionable
data, we may venture to draw some general inferences as to
the varying physical conditions of the surface of our planet,
and of animal and vegetable life, throughout the immense
periods contemplated by geology.

From' the remotest epoch in the earth’s history recog:
nisable by man, to the present time, we have seen that
the mechanical and chemical laws which govern inorganic
matter have undergone no change. The wasting away of
the solid rocks by water, and the subsequent deposition and
consolidation of the, detritus in strata, and their metamor-
phism by high temperature,—the subsidence of the dry land
beneath the sea, and the elevation of areas of the ocean-bed
above the waters, and the formation of new islands and
continents,—the decomposition of animal and vegetable sul-
stances on the surface, and their conversion into stone or
coal, under circumstances in which the gaseous principles
were confined,—the transmutation of mud and sand ino
rock, and of earthy minerals into crystals,—these physical
changes have been constantly going on, under the influencé
of those fixed and ‘mmutable laws established by Divine
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presented the same general features as in later times; and
that then, as now, the land was diversified by hills and
dales, mountains and glens, volcanic peaks, elevated regions
of perpetual snow, and vast areas of eternal ice,—sterile and
sandy deserts, and fertile alluvial plains, irrigated by streams
and rivers; the only important discrepancy being the high
climatorial temperature that prevailed over extensive ares
at certain epochs, and the corresponding modifications in
the organic kingdoms. (See above, pp. 772, &c.) But even
the most remarkable anomalies in the terrestrial faunas and
floras of the palsozoic ages are not without a parallel at the
present time.

Thus New Zealand with its peculiar flora,* characterized by
the predominance of ferns, club-mosses, &c., to the almost
entire exclusion of the graminaceous tribes,—and its mam-
malian fauna, consisting of but two very small species of
quadrupeds (p. 757),—and the bones of recently extinct
struthious birds,—presents a general correspondence with the
lands of the Carboniferous and Permian periods.t Australia

* See Medals of Creation, vol. i. p. 210.

1 In a general retrospective view of this kind, the minor subdivisions
or formations must, of course, be disregarded ; and while on this subject,
I would direct attention to the following remarks of Mr. Leonard Horner
in his Presidential Address to the Geological Society, 1847 : —

‘“ By whatever names we designate geological periods, there appears
to exist no clearly defined boundaries between them in reference to the
whole earth: such a marked line may be seen in particular localities,
but every year’s experience, and our more intimate acquaintance with
the phenomena exhibited in different countries, and with the distri-
bution, structure, and habits of animals and vegetables, teach us that
there is a blending, a gradual and insensible passage from the lowest to
the highest sedimentary strata, particularly in respect of fossil remains.
The terms we employ to designate formations can only be considered a3
expressing the general predominance of certain characters, 1o be used
provisionally, as a convenient mode of classifying the facts we collect
together, whilst that knowledge is accumulating which, in after-ages, will
unravel the complicated changes that belong to the successive periods

into which the history of the structure of \te whole earth may be
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and Van Diemen’s Land possess a flora equally peculiar and
extraordinary, and a fauna unlike that of any other part of the
world,including some of the most anomalous of existing forms,
as, for example, that marvellous creature the Ornithorhyncus.
These countries, in the abundance and variety of the
Cycadaces, Araucarie, &c.,—in the marsupial character of
the great proportion of the mammalia,—and in the tere-
bratule and trigonim, and the cestraciont fishes, which
swarm in the seas that wash their shores, approximate in
their organic relations more nearly to those ancient lands of
which the triassic and jurassic beds,and especially the Stones-
field-oolite, are the debris (p. 506), than to any of the
present regions of the earth. And lastly, we have a reflected
image, a8 it were, of the Age of Reptiles of the Secondary
periods in the exclusively reptilian character of the quad-
rupeds of the Galapagos Islands ; one species of mouse being
the only indigenous mammal.*

“This Archipelago,” observes Mr. Darwin, “is a little
world within itself: most of the organic productions are
aboriginal creations, found nowhere else. Seeing every
height erowned with its erater, and the boundaries of most
of the lava-streams still distinct, we are led to believe that
within a period geologically recent, the unbroken ocean was
here spread out. Hence, both in time and space, we seem
to be brought somewhat near to that great fact—that
mystery of mysteries,—the first appearance of new beings
on this earth.”

These Islands swarm with herbivorous marine reptiles,
allied to the Iguanide, which are known in no other part
of the world, and they are as completely distinct from all

divided.”” See also Mr. Hamilton’s remarks on the same subject, at the
conclusion of his Anniversary Address to the Geological Society, 1855.

* The Galapagos Archipelago is a group of volcanic islands situated
under the Equator, and between five and six hundred miles westward of
the American coast. See Mr. Darwin’s “ Journal of & Voyage touwnd e
World,”’ chap, xvii.
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other existing reptiles, as are the extinet Iguanodon and
Megalosaurus. The flora,* too, contains more than a hun-
dred plants unknown elsewhere. There is not a fauna or
flora in any of the ancient geological periods that presents
greater anomalies.t

The organic relations between the countries above men-
tioned and their geological analogues, may be thus ex-
pressed :—

MoperN PEriop. PRIMARY AND SECONDARY PERIODS.

New ZEALAND . ‘Count:rie.s of the C'arb?nifmt'u and Permian periods,
. { as indicated by fossil remains.
The lands whence the Triassic and Jurassic strals
were derived.
The Country of the Iguanodon, and the regions that
supplied the detritus that formed the fluvio-marine
strata of the upper secondary deposits.

AUSTRALIA . . {

THE GaLAPAGOS
ARCHIPELAGO

In this point of view the Country of the Iguanodon and
the Age of Reptiles may be considered as merely disclosing
exaggerated effects of the organic law which imparted to the
fauna of the Galapagos Islands its reptilian character.

If the ancient philosophers, ere the discoveries of Colum-
bus had opened the New World to the European mind, had
found in a fossil state such collocations of animals and
plants as are presented by New Zealand, Australia, and the
Galapagos Islands, how impossible it would have been for
them, by any comparison with existing nature within their
circumseribed geographical boundary, to have imagined that
such assemblages of animated beings could exist contem-
poraneously with themselves. In fact, the present geo-

# An enumeration of the plants of the Galapagos Archipelago, by
Dr. J. D. Hooker, is published in the Linnean Transactions, vol. xxi. for
1847, page 163; and by the same author “On the Vegetation of the
Galapagos Archipelago,”” op. cit. p. 235. Out of 253 species of pants,
123 species are unknown in any other part of the world.

1 See Appendix E.
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graphical distribution of animals and plants affords as many
exceptions to the general rule of climatorial influence, in the
relative number and importance of different orders of ani-
mals and vegetables, as are to be found in the vestiges of
an earlier world.*

If we define on a map of the globe those areas of which
the geological structure is known from actual observation,
we shall at once perceive how small a proportion of the
earth’s crust has been examined by the scientific observer;
how large a part of the surface above the water is concealed
by perpetual ice and snow, and is otherwise inaccessible to
philosophical research; and that three-fifths of the entire
surface of our planet are buried beneath the waves. These
facts are highly suggestive:—they teach us that, notwith-
standing the immense accumulation of observations made in
all parts of the earth, the data hitherto obtained are in-
sufficient to afford a true picture of the full development
of organic life, as it existed in the most ancient periods.

In considering these questions, it must too be remarked,
that, notwithstanding the differences in the general physiog-
nomy of the earliest and latest faunas, there are certain
types common to both. Thus, though Orthoceratites,
Lituites, Goniatites, &c., represent the cephalopodous mol-
luscs in the palm@ozoic seas, yet these are associated with
true Nautili; in like manner, with the extinet Brachiopoda,
the Spiriferi, Leptena, &c., are found species of the still
existing genera of Terebratula, Crania, and Lingula. So
also, in the tertiary period, existing genera of mammalia
and of terrestrial reptiles were contemporaneously inhabit-
ants of the land with the extinct Mastodons and other
Pachyderms, and the colossal Tortoises, &c. From these

#* See Berghaus’s and Johnston’s Physical Atlas; and the ingenious
maps of the Geographical Distribution of existing Animals and Plants,
in the delightful work of that accomplished authoress, Miss Rosina
Zornlin, entitled Researches in Physical Geography, ot (ne Rardhaa W
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considerations we may infer, that throughout all geological
time the changes on the earth’s surface have been subser-
vient to the same physical and organic laws; and that the
paroxysmal terrestrial disturbances, though apparently in
the earlier ages involving larger areas, and operating with
greater violence, than the volcanic eruptions and earth-
quakes of later periods, did not affect the established order
of organic life upon the surface of the globe; and we may
also conclude, that throughout the innumerable ages indi-
cated by the sedimentary formations, there was at no period
a greater anomaly in the assemblages of animals and vege-
tables on particular regions than exists at the present
time.*

48. CororrarY.—Thus the general result of our in-
quiries into the ancient condition of the earth proves that
the changes produced by mechanical, chemical, and vital
agency, whether on the surface or in the interior, have been
the same throughout all the periods revealed by Geology;
and, as like causes must produce like effects, will continue
so long as the present material system shall endure.

Hence, deposits now in progress may subside to the in-
nermost regions of the globe, and from exposure to intense
heat, under great pressure, all traces of sedimentary origin
may be obliterated ; and at some future period these meta-
morphosed rocks may be elevated above the surface, and
appear as peaks of granite, or as crystalline mountain-chains,
rising from beneath strata teeming with organic remains.

I cannot, therefore, concur in the generally received
opinion, that in the most ancient granite accessible to human
observation, we see the primeval framework of our globe—

* Hence the so-called Picturesque Sketches of Creation,—the An-
cient Worlds,—the Vestiges of Creation,—the Romance of Geology,—
and other works of a like nature, are in relation to the philosophy of
Geology what the historical novels =nd toweness wre ta History—
mnedleys of facts and fictiona.
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the consolidated crust, formed on the surface of a cooling
planet, and subsequently broken up by the subsidences and
contractions induced by continued refrigeration. The only
legitimate inference in the present state of our knowledge
appears to be this,—that, as at a certain depth the beds of
mineral matter, whether of alluvial or of volcanic origin,
may become so entirely changed in structure and composi-
tion as to afford no certain data of their original nature,
therefore, for aught we know to the contrary, this world
may have been teeming with life innumerable ages ere the
formation of the most ancient granitic rocks of which we
can take cognizance.

49. Fivan Errecrs.—In fine, Geology does not reveal
to us the first creation of animated beings ; it does not afford
any physical evidence of a beginning; it does not warrant
the attempt to explain the miraculous interpositions of
Providence by the operation of natural laws; but it unfolds
to us a succession of events, each so vast as to be beyond
our finite comprehension, yet the last as evidently foreseen
as the first. It instructs us “that we are placed in the
middle of a scheme,—mnot & fized, but a progressive one,—
every way incomprekensible—incomprehensible in a measure
equally with respect to what has been, what now 1is, and what
shall be hereafter.” *

This new volume of Natural Religion which Geology has
supplied has been so ably illustrated by the late Dean of
Westminster,{ that we need not dwell on the evident
adaptation of the successive tribes of living beings, through
indefinite periods, to the varying physical conditions of the
earth, and by which its surface was ultimately fitted for the
abode of the human race. Thus the infusoria lived and died
in countless myriads, and produced the tripoli and the opal ;
river-snails and marine mollusks secreted the marbles, and
coral-polypes the limestones, with which we construct our

* Bishop Butler. 4 Bridgeweater Treatse.
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edifices and ornament our temples and palaces; snd herb,
plant, and tree have been converted sither into a materil
to enrich the soil, or changed into & combustible mineral, fo
serve as a fuel in after-ages, when such a substance beeame
indispensable to the neceesities and luzuries of civilized man
Hence a new interest has been thrown arcund every gmia
of sand, and every blade of grass; and the pebble rejecied
by the Divine, as affording no evidence of design, become
in the hands of the Geologist & striking proof of Infinite
Wisdom.® : )

But ought we to rest content in the assumption thet all
these wonderful manifestations of Creative Intelligence were
solely intended to contribute to our physical necessitios sd
gratifications P—8Say, rather, that this marvellous displsy of
beauty, power, and goodness was designed to fill the soul
with high and holy thoughts, to call forth the exerciso of
our intellectnal powers, to excite in us those ardent sd
lofty aspirations after truth and knowledge, which elevate
the mind above the sordid and petty concerns of life, sad
give us a foretaste of that high destiny which we are per-
mitted to hope will be our portion hereafter!

50. CoxcLupiNé Remarks.—Having thus endeavoured
to interpret the natural records of the earth’s physil
history, and traced the succession of geological periods, each
embracing indefinite ages of long duration, and the mut-
tions in the organic kingdoms of nature coincident with the
varying conditions of the lands and waters—mutations
governed by laws with which we are but very imperfectly
acquainted,—let us finally contemplate the relations of our
planet to the innumerable worlds around us. For, while
Astronomy suggests that our solar system once existed 88
diffused mass of vapour or nebulosity, which, passing through

* Paley. This remark alludes to the celebrated argument of thi¢

distinguished author, on a watch and a stone, in the first page of bis
Treatise on Natural Theology.
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system was gradually evolved from a primeval condition of
matter, and contained within itself the elements of each sub-
sequent change, still we know, that every physical pheno-
menon which has taken place, from first to last, has emanated
from the immediate will of the Deity.

VALEDICTION.

‘With these remarks I take farewell of the reader who has
accompanied me through this attempt to combine a general
view of geological phenomena with a familiar exposition of
the inductions by which the leading principles of the science
have been established. And, if I have succeeded in ex-
plaining in a satisfactory manner how, by laborious and
patient investigation, and the successful application of other
branches of Natural Philosophy, the «“ Wonders of Geology”
have been revealed,—if I have removed from but one intel-
ligent mind any prejudice against scientific inquiries, which
may have been excited by those who have neither the relish
nor the capacity for philosophical pursuits,—if I have been
so fortunate as to kindle in the hearts of others that intense
desire for the acquisition of natural knowledge which I feel
in my own,—or have illumined the mental vision with that
intellectual light which, once kindled, can never be ex-
tinguished, and which reveals to the soul the beauty, and
wisdom, and harmony of the works of the Eternal, I shall
indeed rejoice, for then my exertions will not have been in
vain. And, although my name may be soon forgotten, and
all record of my labours be effaced, yet the influence of that
knowledge, however feeble it may be, which has emanated
from mjy researches, will endure for ever, and, by conducting
to new and inexhaustible fie\ds of inquiry, prove a never
‘ailing source of the most pure and Sevaied Fratheation.
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For it is the peculiar charm and privilege of Natural
Philosophy, that it

¢ Can so inform

The mind that is within us,—so impress

‘With quietness and beauty,—and so feed

With lofty thoughts,—that neither evil tongues,

Rash judgments, nor the sneers of selfish men,

Nor greetings where no kindness is, nor all

The dreary intercourse of common life,

Can e’er prevail against us, or disturb

Our cheerful faith, that all which we behold

Is full of blessings!” ‘WORDSWORTH.

But transcendent as are the privileges which science con-
fers, the true philosopher feels, with the deepest humiliation,
that it is neither in the acquisition of knowledge, nor in
the perception of the true and of the beautiful,—even were
that perceptive knowledge exalted infinitely,—that human
happiness can find a resting-place, or the cravings of the
immortal mind be satisfied. Every step leads on the im-
patient inquirer to one beyond itself. *The nicest mecha-
nical arrangement of the particles of matter does but compel
us to contemplate those subtler agents by whose action
magnetic relations and chemical affinities are next developed.
Exhaust their range, and still there is palpably beyond them
the mystery of the vital powers. Follow that to its highest
source, and yet we have but reached the first limits of those
mightier energies, of reason, conscience,and volition, of which
we feel within ourselves the living action. And here, where
the darkness which may be felt presses most heavily upon
the inquiring soul,—here in seeking to know the Cause of
causes,—here alone can there be any repose for the immortal
spirit. Only on HiM who made him, can Man rest at last
the burden of his awful being !”

# Bishop- Wilberforce. Sermon preached before the University of
Oxford, June 27, 1 47.
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SUPPLEMENTARY NOTES.

A. Page 883.—THE subject of the origin of Crystals, as indicated
by the natureof their enclosed cavities,and as bearing on the formation
of granite, is of so great an interest that the following abstract of
Mr. Sorby’s paper (read before the Geological Society, Dec. 2, 1857),
“On some peculiarities in the Microscopical Structure of Crystals,
applicable to the determination of the Aqueous or Igneous Origin
of Minerals and Rocks,” is here given.

In this paper the author showed, that, when artificial crystals are
examined with the microscope, it is seen that they have often caught
up and enclosed within their solid substance portions of the material
surrounding them at the time when they were being formed. Thus,
if they are produced by sublimation, small portions of air or vapour |
are caught up, so as to form apparently empty cavities ; or if they
are deposited from solution in water, small quantities of water are
enclosed, so as to form fluid-cavities. In a similar manner, if crystals
are formed from a state of igneous fusion, crystallizing out from s
fused-stone solvent, portions of this fused stone become entangled,
which, on cooling, remain in a glassy condition, or become stony, so
as to produce what may be called glass- or sfome-cavities. A1l these
kinds of cavities can readily be seen with suitable magnifying powers,
and distinguished from each other by various definite peculiarities.

From these and other facts, the following conclusions were de-
duced :—

1. Crystals conteining only cavities with water were formed from
olution.
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9. Crystals containing only stone- or glass-cavities were formed
from a state of igneous fusion.

3. Crystals containing both water- and stone- or glass-cavities were
formed, under great pressure, by the combined influence of highly
heated water and melted rock.

4. That the amount of water present in the cavities may, in some
cases, be employed to deduce the temperature at which the crystals
were formed.

5. Crystals containing only empty cavities were formed by sub-
limation, unless the cavities are fluid-eavities that have lost their
fluid, or are bubbles due to fusion.

6. Crystals containing few cavities were formed slowly, in com-
parison with those of the same material that contain many.

7. Crystals that contain no cavities were formed very slowly, or
by the cooling from fusion of a pure, homogeneous substance.

Applying these general principles to the study of natural crys-
talline minerals and rocks, it was shown that the fluid-cavities in
rock-salt,—in the calcareous spar of modern tufaceous deposits, of
veins, and of ordinary Limestone,—and in the gypsum of gypseous
marls, indicate that these minerals were formed by deposition from
solution in water at a temperature not materially different from the
ou'dmlry The same conclusions apply to & number of other minerals
I veins in various rocks, and to many zeolites. The constituent
minerals of mica-schist and the associated rocks contain many fluid-
eavities, indicating that they were metamorphosed by the action of
heated water, and not by mere dry heat and partial fusion.

The structure of the minerals in erupted lava proves that they
were deposited from a mass in the state of igneous fusion, like the
erystals in the slags of furnaces; but, in some of those found in
blocks ejected from voleanos (for example, in nepheline and meionite),
there are, besides stone- and glass-cavities, many containing water,
the relative amount of which indicates that they were formed, under
great pressure, at » dull red heat, when both liquid water and melted
rock were present. The fluid-cavities in these aqueo-igneous
minerals very generally contain minute crystals, as if they had been
deposited on cooling from solution in the highly heated water. The
minerals in trappean rocks have also such a structure as proves
them to be of genuine igneous origin, but they have treen ww

3r
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altered by the subsequent action of water, and many minerals formed
in the minute cavities by deposition from solution in water.

The quartz of quartz-veins has a structure proving that it has
been rapidly deposited from solution in water : and in some instances
the relative amount of water in the fluid-cavities indicates that the
beat was considerable. In one good case the temperature thus
deduced was 163° C. (329° F.} ; and apparently, when the heat was
still greater, mica and tinstone were deposited, and in some cases
probably even felspar. There is then, as has been argued by ¥.
Elie de Beaumont, a gradual passage from quartz-veins to those of
granite, and to granite itself; and there is no such distinet line of
division between them as might be expected if one was a deposit
from water, and the other a rock that had been in such a state of
pure igneous fusion as the slags of our farnaces or the erupted lavas.
When the constituent minerals of solid granite, far from contact with
the stratified rocks, are examined, it is seen that they also contam
fluid-cavities. This is especiaily the case with the quartz of coarse-
grained, highly quartzose granites, in which there are so mwany, tht
the proportion of a thousand millions in a cubic inch is not at all u-
usual ; and the enclosed water constitutes from one to two per cent.
of the velume of the quartz. However, besides these fluid-cavities,
the felspar and quartz contain excelient stone-cavities, precisely ans-
logous to those in the crystals of slag, or erupted lavas ; and thus
the characteristic structure of granite is seen to be the same as that
of those minerals formed under aqueo-igmeous conditions in the
blocks which are ejected from modern volcanos; and the very com-
mon occurrence of minute crystals inside the fluid-cavities still
further strengthens this analogy.

The conclusion to which these facts appear to lead, is that granit®
is not a siniple igncous rock, like a furnace-slag, or erupted lava, but
is rather an agueo-igneons rock, produced by the combined influence
of liquid water and igneous fusion, under similar physical conditions
to those existing far below the surface at the base of modern voleanos.

These deductions of the author, therefore, strongly confirm the
views of Scrope, Scheerer, and Elie de Beaumont ; and he agrees
with them in considering it probable that the presence of the water
dirinz the consolidation of the granite was an instrumental, if not
the actual cause of the difference between granite and erupted

rachystic rocks.
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ful and more extended microscopical examination into the condition
of silica might lead to the discovery of elementary arganic forms
even in the primitive strata themselves. It was obviously mot
necessary to exclude granite from this examinntion, under the com-
won and apparently natural impression, that the igneous fusion which
preceded the present arrangement of its perticles would destroy
every trace of organization; for I had before me too many manifest
proofs that an intense white heat, though capable of fusing glass, was
incapable of effecting any change in the minute silicious organiza
tion both of plants and diatoms. Moreover thexe appeared to bea
strong suspicion in some minds that every suecessive sarface of our
globe had been characterized by its own minute living forms; and
you yourself had more than once contended for the existenee of lifs
during the granitic period. To give a reality, however, to a firsé
eondition, thus pronounced to be probabdle, we must; discover silicious
skeletons or shields even in granite itself. But here arises a
difficulty which it will baffle our utmost ingenuity to. remove ; for,
though, on the one hand, T met with silicious corpuseules in the
primitive rocks, and find, on the other hand, that the indestructible

LIGN. 212.—~MINUTE FLAT CIRCULAR BODIES IN MICA.

Cor ding in size and app with the rings of GALLIONELLA DISTANS.
Magnified about 500 times linear.

(Discovered and drasen by the Rev.J. B: Reade.)

organic skeletons of recent Infusoria exhibit, even under a power
of 900 linear, a striking similarity of form, yet the entire absence
of external structure precludes me from assigning a common origin
to the ancient and recent organisms. Still, the inquiry, even in its
present state, is far from being fruitless; for it cannot be a matter
of surprise, that immense mountain-masses should have been found
to consist of an aggregation of symmeiries) wodies Wwwesn <Ly and
4 of an inchin diameter, artiedisied torghose n Ve tnrm. ooty



FOSSIL INFUSORIA IN MICA, ETC. 953

as in chalk (Zsgn. 212), or of slender threads, as in limestone and
the quartz of granite, and that an exaoct counterpart of this curious
structure in the mineral kingdom should be exhibited in the veget-
able by the mouldiness of paste and the Gallionelia forruginea.”
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LioX. 213.—The of Chalk, in the form of rings, entire
-dhta‘menu. 7 The Bev.d. b. Rewde.)

(Maguified aboat 50 diam.)

The Rev. J. B.-Reade, in a courteous reply to the Editor’s in-
quiry on some points of the interesting researches detailed above,
states that—

“ Some of the discoid-looking spots which I observed in granite
might possibly have been the minute air- or water-cavities of Sorby
(see p. 883) ; but those discovered in mica (and figured by Mantell)
had too much the appearance of silicious organic structure to allow
me to confound them with such cavities.”

The Lign. 213 exhibits another interesting result of the Rev. Mr.
Reade’s microscopical researches in the minute structure of rocks,
and was published in the first edition of the *“ Wonders of Geology.”
Although at first regarded as being illustrative of the occurrence of
infusorial organisms in the chalk, these beaded, discoid, and ring-like
bodies are more probably the result of the disintegration of the shells
of Foraminifera (as Mr. H. C. Sorby has suggested in connexion
with some of his own observations on the minute structure of lime-
stones, &c.). Be thisas it may, we eannot but hope that Mr. Reade,
Mr. Sorby, Mr. Schafhault, Mr. Bryson, Prof. Ehrenberg, and others

* will continue their labours in “ Microgeology” or * Clinology,” as this -
branch of research has been termed; for it is a wide and promising
field, but little cultivated as yet. '

D. Paye 992.—PaRALLEL TERRACES OF GLEX Rnn—-—-lmm&ud
to notice, in this place, 5 remarkable phenomenun Suwerrida s
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of the glens of the Highlands that border the Great Caledonian Valley,
because the subject has excited the attention of the tourist and the
geologist. In several of the glens of Lochaber, but more especially
in that of Glen Roy, there are parallel terraces, at various heights,
extending on either side, and which present so regular and artificial
an appearance as to have been ascribed to human art; and the
ancient Highlanders supposed them to be roads formed by their
hero Fingal.

The valley of Glen Roy is of an oval form, and is about four miles
long, and one or more wide, being bounded on two opposite sides by
high mountains, Through the middle of this valley, a river, formed
by the confluence of some mountain-streams, flows into the Spean
Water.

On each side of this long, hollow, deep valley, which is bounded
by dark and lofty mountains, and at a great elevation, three strong
lines are seen, parallel to each other and to the horizon; the levels
of the opposite ones coinciding precisely with each other: and s
striking is this symmetrical character, that the observer can with
difficulty divest himself of the idea that he is contemplating some
cyclopean work of the olden times. A slight examination of the
nature of these parallel terraces is, however, sufficient to convince
the instructed observer that they are probably the shores of an
ancient lake, fed from the neighbouring Alpine regions, which st
distant periods became shallower, and at length entirely disappeared,
from the erosion of the barrier which formerly confined its waters.*
The following explanation of the phenomenon is from a paper by
Mr. D. Milne, which corroborates also the opinions of Professor
Playfair and Dr. Macculloch : —

The parallel shelves or terraces of Lochaber consist generally of
bared rocks, forming sloping channels or water-courses; and they
bear no accumulations of littoral deposits or detritus. They are per-
fectly horizontal, and are all coincident with some summit-level, 5©
as to admit of the water flowing over that level as over a LiP:
Thus the uppermost shelf of Glen Gluoy is exactly coincident wit3
the watershed-ridge which divides that glen from Glen Roy ; so th#

® On the Parallel Roads of Lochaber, by David Milne, Esq., Edinburgh Ne -
Philosophical Journal, October, 1847.

t See Dr. Macculloch, on the Parallel Roads of Glen Roy, Geological Transaction *
vol. iv. p. 314; also Mr. Datrwin, Phil. Trans. 1839, part 1, p. 39.
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the waters which stood at that height must have flowed out at the
head of Glen Gluoy into Glen Roy. In like manner the uppermost
terrace in Glen Roy is coincident with the watershed-ridge dividing
Glen Roy from the valley of the Spey: the waters which stood in
Glen Roy, at the second level, must therefore have flowed over the
head of the glen into Spey Valley. And the middle terrace of Glea
Roy coincides with a watershed at the head of Glen Glaster.
Ancient river-courses may be traced leading from the different levels
of the terraces into the neighbouring glens and valleys of lower
levels; and it seems evident that the waters which formed the
several terraces flowed out of the glens, and descended by river-
courses into the low countries. Thus the waters which formed the
terrace in Glen Gluoy descended nearly thirty feet by flowing into
Glen Roy; those of the upper shelf in Glen Roy flowed in like
manner into the valley of the Spey; those of the middle terrace
were discharged over the head of Glen Glaster down a slope of 212
feet in vertical height into Glen Spean; and the waters that pro-
duced the terrace or shelf in Glen Spean issued out of Lake Loggan
by the ancient river-course at Mukkul.

It appears, therefore, that barriers originally existed, which pent
up the waters at different levels in the glens, and were lowered
at intervals; until at length the lakes were dried up, from the
waters sinking from the level of the highest shelf to the next; and
thus, by successive steps, as the barrier was worn away, the lower-
most terrace was at length formed; and ultimately the system of
lakes disappeared, from the barrier having been entirely removed.

E. Page 940.—Mz. DARWIN, ON THE GALAPAGOS ARCHIPELAGO.
—*This archipelago consists of ten principal islands, of which five
exceed the others in size. The largest, Albemarle Island, is of an
angular form, and 100 miles in length. They are all formed of
volcanic rocks; a few fragments of granite, curiously glazed and
altered by heat, can scarcely be considered as an exception. Some
of the craters surmounting the larger islands are of immense size,
and they rise to a height of between three and four thousand feet.
Their flanks are studded by innumerable smaller orifices. I scarcely
hesitate to affirm, that there must be in the whole archipelago at
least two thousand craters : these consist either of lava and scorie,
or of finely-stratified sandstonelike toff. Mok of Yoo ek w
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beautifully symmetrieal ; they owe their origin to eruptions of
volcanic mud without any lava.” A small jet of smoke was seen
curling from one of the craters in Albemarle, and eruptions are
known to have taken place in modern times.

Great parts of the surface of most of the islands are broken fields
of black basaltic lava, thrown into the most rngged waves, ad
crossed by great fissures, and covered by stunted sun-burnt brash-
wood. But, while the lower parts of the islands are very sterle,
the upper regions, at a height of a thousand feet, possess a damp
climate and a tolerably laxuriant vegetation. The commonest bush
is one of the Euphorbiaces, and, with an Acacia and a great odd-
looking Cactus, are the only plants that afford any shade. Coarse
grass and ferns abound in the upper parts, but no tree-ferns nor
any of the Palm family were observed. Large land-tortoises, in
prodigious numbers, are the principal animals, and form the staple
article of food to the inhabitants, who are nearly all people of coloar
banished for political crimes from the republic of the Equator.

The rocks on the coast of Albemarle Island abound in great blsck
lizards, between three and four feet long, belonging to two species;
one of which is aquatic, and feeds on sea-weeds; the other is ter-
restrial. “They are allied to the Iguanidee (?), and belong to the
genus Amblyrkynchus, which is confined to this archipelago. They
have long tails, flattened laterally, and all the four feet are partially
webbed. Most of the other organic productions are found nowhere
else: there is even a dissimilarity in those of the different islands;
yet all show a marked relationship with those of America, though
separated from that continent by an open space of ocean between
500 and 600 miles in width. Of terrestrial mammals, there is only
one that can be considered as indigenous, namely, a mouse; and
even this is confined to Chatham Island, the most easterly of the
group. Of land-birds, twenty-six species were obtained, and all but
one peculiar to these islands. Of the order of reptiles, in addition
to the Amblyrhynchi, there are one small species of lizard of a South
American genus, one snake, and of marine turtles, or chelonia, more
than one species, and two or three of tortoises. No batrachian
reptiles, as frogs or toads, were observed. The Amblyrhynchi are
very abundant, and the terrestrial species especially in some places;
in James's Island their burrows were so numerous, that it was
difficult to find a spot free, on which to pitch a tent. The two

i
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ADDENDA.

L Esevariow or TS Lawp.—From the following statemest i
appears, that the slow upward movement of the land is in progres
in other countries ss well as in Scandinavia (see vol. i. p. 115).

“ Gradual rising of Newfoundlend above the ses.—Tho whole o
the land in and about the nsighbourhood of Conoeption Bay, very
probably the whole island, is rising out of the ocemn st a mis
which promises, st no distant day, materially to affect, if not to
render useless, many of the best harbours on the goast. Af Purt
de Grave a series of observations have been made, which undeniably
prove the rapid displacement of the sea-level in the vicinity. Severd
hrgeﬂatrochourvhmhlohommghtwmthwl
forty years ago with the greatest facility are now approaching the
surface, the waters being scarcely navigable for a skiff. At a place
called the Cosh, at the head of Bay Roberts, upwards of & mile from
the sea-shore, and at several feet above its level, covered with fice
or six feet of vegetable mould, there is a perfect beach, the stones
being rounded, of a moderate size, and in all respects similar to
those now found in the adjacent land washes.” —New/foxndiand Times,
October, 1847.

In Sir Charles Lyell's admirable Lecture, “On the successive
Changes of the Temple of Serapis” (delivered before the Royal Inst-
tution of Great Britain, March 7, 1856), we find so much valuable
information on the subject of the elevation and subsidence of areas
of land, that the following abstract (from the Roy. Instit. Notices)
will be of great use to the student.

“The Temple of Serapis, near Naples, is, perhaps of all the
structures raised by the hands ¢f man, the one which affords rost
instruction to a geologist. It has not only undergone a wonderful
succession of changes in past time, but is still undergoing changes
of condition, so that it is ever a matter of fresh interest to learn
what may be the present state of the temple, and to 3 o

what next may happen to it. This edifice wen exhwwed in 1750,
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from a mixed deposit, extending for miles along the eastern shores
of the Bay of Baie, and consisting partly of strata containing marine
shells, with fragments of bricks, pottery, and sculpture, and partly
of volcanic matter of subaérial origin. Various theories were pro-
posed in the last century to explain the lithodomous perforations,
and attached serpulee, observed on the middle zone of the three erect
marble columns now standing; some writers, and the celebrated
Goethe among the rest, suggesting that a lagoon had once existed
in the atrium, filled, during a temporary incursion of the sea, with
salt water, and that marine mollusca and annelids flourished for
years in this lagoon, at a height of 12 feet or more above the sea
level. This hypothesis was advanced at a time when almost any
amount of fluctuation in the level of the sea was thought more pro-
bable than the slightest alteration in the level of the solid land.
In 1807, the architect Niccolini observed that the pavement of the
temple was dry, except when a violent south wind was blowing;
whereas, on revisiting the temple fifteen years later, he found the
pavement covered by salt water twice every day at high tide. This
induced him to make a series of measurements from year to year,
first from 1822 to 1838, and afterwards from 1838 to 1845 ; from
which he inferred that the sea was gaining annually upon the floor
of the temple, at the rate of about one-third of an inch during
the first period, and about three-fourths of an inch during the
second. Mr. James Smith, of Jordan-hill, when he visited the temple
in 1819, had remarked that the pavement was then dry, but that
certain channels cut in it for draining off the waters of a hot spring
were filled with sea-water. On his return, in 1845, he found the
high-water mark to be 28 inches above the pavement, which, allowing
a slight deduction on account of the tide, exhibited an average rise
of about an inch annually. As these measurements are in accordance
with others, made by Mr. Babbage in 1828, and by Professor James
Forbes in 1826 and 1843, Mr. Smith believes his own conclusion to
be nearest the truth, and attributes the difference between his average
and that obtained by Niccolini (especially in the first set of measure-
ments by the latter observer) to the rejection, by the Italian archi-
tect, of all the highest water-marks of each year, causing his mean
to be below the true mean level of the sea. In 1852, Sigmor
Arcangelo Scacchi, at the request of Sir Charles Liyell, visited the
temple, and compared the depth of water on {be perement W&
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its level as previously ascertaned by himself in 1839, and found,
after making allowance for the tide at the two periods, that the
water had gained only 4} inches in thirteen years, and was not s
deep as when measured by MM. Niccolini and Smith, in 1845;
from which he inferred, that after 1845, the downward movement
of the land had ceased, and before 1852, had been converted into
an upward movement. Since that period, no exact account of the
level of the water seems to have been taken, or at least none which
has been published.

“Sir Charles Lyell then called attention to the head of a statue,
lent to him for exhibition by Mr. W. R. Hamﬂton, end which Mr.H.
had purchased from a peasant at Puzzuoli, in the neighbourhood of
the temple. This head bears all the distinctive marks of the Jupiter
Serapis of the Vatican; and, among others, a flat space is seen s
the crown, doubtless intended to receive the ornament, called the
modius, or bushel, an emblem of fertility, which adorns the ancient
representations of this deity. One side of the head is uninjured, s
if it had lain in mud or sand, while the other has ¢suffered a ses
change,’ having been drilled by small annelids, and covered with
adhering serpule, as if submerged for years in salt water, like the
three marble columns before mentioned.

“The speaker then alluded to an ancient mosaic pavement, found
at the time of his examination of the temple, in 1828, five feet below
the present floor, implying the existence of an older building before
the second temple was erected. The latter is ascertained by inscrip-
tions, found in the interior, to have been built at the close of the
second and beginning of the third centuries of the Christian era.

“A brief chronological sketch was then given of the series of
natural and historical events connected with the temple and the
surrounding region ; comprising the volcanic eruptions of Ischis,
Monte Nuovo, and Vesuvius; the date of the first and second
temples, and their original height above the sea; the periods of the
submergence and emergence of the sccond temple; the nature of
the submarine and supramarine formations, in which it was found
buried in 1750; and, lastly, allusion was made to a bird’s-eye view
of this region, published at Rome in 1652, and cited by Mr. Smith,
in which the three columns are represented as standing in a garden,
at a considerable distance from the sea, and between them and the
sca two churches, occupying ground which has since disappeared.
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4600 square miles, or nearly oqual to Yorkshire in dimensions, bad
been upraised from one to nins feet, and & range of hills, consisting
of older rocks, uplifted vertically, while the tertiary plains to the
east of it remained unmoved; so that a precipioe nine feet in per-
pendicular height was produced, and is even said to be traceabls for
90 miles inland, from north to south, bordering the plain of the
‘Wairarsps. In consequence of a rise of five feed of ths land on the
north side of Cook’s Strait, near Wellington and Port Nicholee,
the tide had been almost excluded from the River Hutt, whils on the
south side of the same straits in the Middle Island, where the
ground has sunk about five feet, the tide now flows several niks
farther up the river Wairau than before the earthquake.

8ir Charles then alluded to his discovery, in 1898, of merise
shells in voleanio tuff, at the height of nearly 2000 foet, in the isad
of Ischia; and to the exact agreement of these, as- well as othe
foesil: shells, sinve collected by M. Philippi, with species now inhabil
ing the Mediterranean. If the antiquity of such elevated deposis
when contrasted with those found during the last 2000 years in the
neighbourhood of the Temple of Serapis, be as great as the relative
amount of movement in the two cases, or as 2000 is to 30 feet, #
would show how slowly the testaceous fauna of the Mediterranean
undergoes alteration: and therefore that naturalists ought mnot to
expect to detect any sensible variation in the marine fauns in the
course of a few centuries, or even several thousand years.

“In conclusion : the probable causes of the permanent uphesval
and subsidence of land were considered—the expansion of solid rocks
by heat, and their contraction when the temperature is lowered, the
shrinkage of clay when baked, the excess in the volume of melted
stone over the same materials when crystallized, or in a stale of
consolidation ; and, lastly, the subterraneous intrusion of horizontal
dykes of lava, such as may have been injected beneath the surface,
when melted matter rose to the crater of Monte Nuovo, in 15638
A large coloured section of a cliff, 1000 feet high, at Cape Giram,
in Madeira, was referred to as illustrating the intrusion both of
oblique and horizontal dykes, between layers of volcanic materials
previously accumulated above the level of the sea, and after My,
deira had been already clothed with a vegetation very similar to
that with which it is now covered. The intercalation of such hor-

zontal sheets of lava between sliernaXing beds of older lava and tuf
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would uplift the incumbent rocks, and form a permanent support
to them ; but when the fused mass cools and consolidates, a partial
failure of support and subsidence would ensue.”

IT. MastopoN AND ELEPHANT.—So much light has of late been
brought to bear on the history of these great pachyderms, both in a
zoological and geological point of view, by Dr. Hugh Falconer,
F.R.S,, F.G.8,, that we are induced to reproduce the Abstracts of
his memoirs on the subject, read before the Geological Society of
London; drawing attention particularly to the specific alliances of
the remains of the Mastodon found in the Crag of Norfolk (see vol.
i. p. 160), which Dr. Falconer determines to be the Auvergne species,
and not that known as M. angustidens.

1. On the Species of Mastodon and Elephant occurring fossil in
Great Britain.—Part 1. Mastodons. By H. Falconer, M.D., F.R.8,,
F.G.S.

The object of this communication is to ascertain what are the
species of the Proboscidea found fossil in Britain ; what the specific
names which ought to be applied to them; and what the principal
formations and localities where they are elsewhere met with in Europe.
The Mastodon of the Crag forms the subject of this first part of the
memoir : the second part will treat of the Elephant-remains found
in Britain. The author commenced by insisting on the importance
to geology that every mammal found in the fossil state should be
defined as regards, first, its specific distinctness ; and, secondly, its
range of existence geographically and in time, with as much severe
exactitude as the available materials and the state of our knowledge
will admit. He observed that with regard to the remains of the
proboscidean genera, Dinotherium, Mastodon, and Elephant, some
of which abound in the miocene and pliocene deposits of Europe,
Asia, and America, the opinions respecting the species and their
nomenclature, in all the standard palzontological works on the sub-
ject, are extremely unsettled and often contradictory.

Dr. Falconer then proceeded to explain his views of the natural
classification of the proboscidean pachydermata, recent and fossil,
according to dental characters. In the Dinothere, with its tapiroid
molars, the last milk-molar and the antepenultimate (or first) true
molar are invariably characterized by a *ternsry-vidgedasewe.
formula,” or in other words, their crowns are JAWALA W ¥
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transverse ridges. In the Mastodon not only the last milk-molar
and the first true molar, bat also the second or penultimate true
molar (being three teeth in immediate contiguity), are invariably
characterized in both jawsby an isomerous division of the crown into
either three or four ridges; or, in other words, are severally char-
acterized by either a “ternary-’ or “quaternary-ridge-formula”
These three isomerous-ridged teeth are referred to as ““the inter-
mediate molars.” To the ternary-ridged species the author assigns
the subgeneric name of Trilophodon ; and Tetralophodon, to the qua-
ternary-ridged species. The molar in front, and that one behind
these intermediate molars, are also characteristically modified in these
two subgenera. In Trilophodon the penultimate or second milk-
molar is two-ridged, and the last true molar is four-ridged : in Tetrs-
lophodon, the former is three-ridged, and the latter five-ridged. The
author considers it highly probable that a subgeneric group character-
ized by a quinary-ridge formula (Pextalophodon) has existed in nature,
but of which no remains have yet been discovered. )

*  The Elephants are distinguished from the Mastodons by the
absence of an isomerous ridge-formula, as regards the three inter-
mediate molars, and by the ridges ranging from six up to an inde-
finite number in these teeth, in different groups of species. Dr.
Falconer arranges the numerous fossil and recent forms in three
natural subgenera, founded on the ridge-formula, in conjunction with
other characters. In the Stegodon (comprising besides other forms
the Mastodon elephantoides, Clift) the ridge-formula is hypisomerous;
and the ridges number six or eight. The Zoxodom (including the
African Elephant) is also hypisomerous, and has from seven to nine
plates or ridges. The Euelephas (including the Elephas Indicus and
six fossil species) is the largest and most important group, and
comprises the typical Elephants having thin-plated molars. Here
the ridge-formula is anisomerous, and regulated by progressive
increments, as 8, 12, 16; the higher its numerical expression, the
greater the liability to vary, within certain limits dependent upon
the race, sex, and size of the individual. The lower molars often
exhibiting an excess of plates over those in the upper molars.

Reverting to the Mastodons, Dr. Falconer observed that the
subgenera Trilophodon and Tetralophodon, as regards namber of *
forms, are of nearly equal value, e former evwyrising seven, and
the Iatter six, well-marked spedies. Fadh moop s Ansiie wniwe
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parallel subordinate groups. In the one series the ridges are broad,
transverse, more or less compressed into an edge; with the inter-
mediate valleys open throughout, and entirely uninterrupted by sub-
ordinate tubercles. These are represented in Trilophodon by Zri-
loph. Okioticus, and in Tetralophodon by Zetr. latidens. In the
other series the ridges are composed of blunt conical points, which
are fewer in number, flanked in front and behind by one or more
subordinate outlying tubercles, which disturb the transverse direction
of the ridges and block up the valleys. This series is represented
by ZTrilophodon angustidens and by Tetralophodon arvernemsis. In
both subgenera the species with transverse compressed ridges may
be compared with Dinotherium, as regards their molar crowns ; and
the other series with Hippopotamus.

The European fossil species of Masfodon, according to the author,
are the following:—7Vvilopkodon Borsoni, 1. Hays, Tril. tapiroides,
Cuvier, T7ril. angustidens, Cuvier (pro parte), Tril. pyrenaicus,
Lartet MS., Tetralophodon longirostris, Kaup, and Tetr. arvernensis,
Croizet and Jobert. With the exception of Triloph. Borsoni and
Tetral. arvernensis, which are of Pliocene age, the above-named
species are of Miocene age.

Dr. Falconer proceeded to state that the remains of only one
species of Mastodon have hitherto been discovered in the British Isles.
They occur in what is called the Older Pliocene Red Crag, at Felix-
stow and Sutton, in Suffolk, and in the Newer Pliocene Fluvio-marine
or Mammaliferous Crag at various localities near Norwich and in
Suffolk. After remarking that Professor Owen had referred the
teeth of the Crag Mastodon to M. angustidens, making M. longi-
rostris and M. arvernensis to be synonyms of this species (as Cuvier
had also done), Dr. Falconer gave in detail the history of the dis-
covery and publication of the true M. angustidens (Cuvier), and of
‘the M. arvernensis and M. longirostris. He then passed in review
the opinions and statements of these authors, as well as of Blainville,
Laurillard, Gervais, Pomel, Lartet, and Sismonda, on these species,
and on the specimens which these observers had severally described,
sometimes under additional specific names. He then described the
characteristic peculiarities both of the molars and of the symphysis

+ of the lower jaws in these three species ; and showed that the molars
from the Crag were, like those of Tefral. arvernensis, characterized
four-ridged molars, with their conical pointa more or \esn W
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stress having been laid by authors upon the shell-evidence on this
point. At the same time, it is not meant to be implied that all the
species of the fauna ranged everywhere throughout the area ; some
in all probability were peculiar to the south, and others to the north.

The presence of the Hippopotamus in the pliocene deposits was
pointed out as being of great importance in indicating the character
of the pliocene land, which, extending between England and the
Continent, must have afforded a great system of rivers and lakes,
and probably had a comparatively warm temperature, as late as the
deposition of the Grays bed, where also (as is well known) occur
some southern freshwater shells, now extinet in England.

After some remarks on the negative evidénce afforded by this

mammalian fauna with regard to the supposed refrigeration of the
land during the Pliocene period, Dr. Falconer reviewed the opinions
of some English geologists on the physical conditions and fauns of
this regjon during the newer Tertiary epoch, especially the views of
Mr. S. Wood, Mr. Prestwich, and Mr. Trimmer; and concluded
with a few remarks on the occurrence of E. antiguus in the Cefn and
Kirkdale Caves, and of E. primigenius in Kent’s Hole, and on the
non-existence of E. primigenius south of the Alps, and its restriction
in the United States of America to the Northern and Central States.
In the Southern States and in Mexico a distinet fossil species,
Euelephas Columbi, hitherto undescribed, occurs along with remains
of Mastodon, Mylodon, Megatherium, Horse, &c.

III. PosSIBLE EXTENSION OF THE CRAG-DEPOSITS OVER A PART
OF THE SOUTH-EAST OF ENGLAND.—Some interesting, though not
yet clearly explained, facts relative to certain tertiary beds overlying
the Chalk of Kent, have been described by Mr. Prestwich, F.R.S,
F.G.S,, who thinks it probable that they may be of the age of the
“Crag” (see vol. i. p. 223). To put our readers in possession of
the main features of this discovery, the following abstract of Mr.
Prestwich’s Memoir is taken from the Quart. Journ. Geol. Soc. vol.
xiii. p. 212.

On some FossILIFEROUS IRONSTONE occurring on the NorTa Dowxs.
By Joserr PrEstwicH, Esq. F.R.S., F.G.S.

Besides a drift of red loam with Mnts, 2ol Nhe Sew lacal outliers
lower tertiary sands and pEoieneds, there wre aesiiered on






tially boreal fauna, was then deposited.

IV. EXTRANEOUS FOSSILS, PEBBLES, &C. IN THE CHALK.—The
occurrerce of pebbles foreign to the chalk-formation and other tr-
velled fragments of rocks in the Chalk is comparatively rare, 8
stated at p. 487; but 8o interesting sn exception to the rule wes
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brought to light last summer, that the following abstract of Mr.
Godwin-Austen’s Memoir on the subject, read before the Geological
Society, December 16, 1857, is here placed before the reader.

The boulder which, together with some associated fragments and
sand, formed the subject of the communication, “On a Granitic
Boulder out of the Chalk of Croydon, and on the Extraneous Rock-
fragments found in the Chalk,” by R. Godwin-Austen, Esq., F.R.S.,
F.G.S., was found by the workmen in a chalk-pit at Purley, about
two miles south of Croydon. Mr. F. Simmonds drew the attention of
Dr. Forbes Young to this interesting discovery, and the latter gen-
tleman secured what remained of the boulder after it had been much
broken up, and presented it to the Society. The largest remaining
fragment is apparently one end of an irregularly oval well-rounded
boulder, originally about 3 feet long, of a granitic rock, composed of
quartz and felspar. The boulder was accompanied by some decom-
posing fragments of a felspathic trap-rock, and with a compact mass
of silicious sand, which Mr. Godwin-Austen carefully exposed on
a visit to the chalk-pit. This collocated mass of rock-fragments and
sand the author regarded as being truly water-worn beach-material,
derived from some old coast-line of crystalline rocks. Other smaller
specimens of crystalline rocks, quartzites, &c., have been found in
the Chalk of the South-east of England. These are all water-worn :
some are quite rounded; and many of them bear the remains of
attached shells and zoophytes : but they are nearly always isolated
in position, except at Houghton (Sussex), where they were met with
scattered over a uniform level.

The author proceeded to describe the conditions of the  marginal
sea-belt,”—where pebbles are found in existing seas, and where also
certain molluses and zoophytes having habits of attachment occur.
From such a marginal zone floating sea-weed might have borne the
majority of the extraneous pebbles now found in the Chalk. Of this
formation, the author observed that the “ White Chalk ” ranged as
far north as a line reaching from the North of Ireland to Riga, on
the Baltic, and extended in a broad zone over North Germany. In
North Europe the conditions of the deposit were very uniform over
the Anglo-French area, where 800 feet is its average thickness, and
where it is of deep-water origin. Its fauna, however, is somewhat
anomalous; much of it has drifted from shallower wooea o
sea-bed. The littoral or marginal shingles of Yoo lower @
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series lie towards the west; that of the Lower Greensand is seen
in the Farringdon Gravels; that of the Gault in the Halden Sands.
The Chalk proper filled up the deeper and subsiding sea-bed at a
period synchronous with the deposition of some of these littoral
beds, and at the time of the greatest extension of the area of the
Cretaceous Ocean, the littoral beds of which are recognisable in
the South of Norway and Sweden, in Westphalia and Rhenish
Prussia, &c., and the area of which probably may be regarded as
reaching from the Rocky Mountains at the head of the Missouri,
over Texas, Florida, the eastern side of the Alleghanies, the West
Indies, and a broad belt of the Atlantic, to North Africa, Central
and Northern Europe, with bold extensions into Western, Central,
and even Eastern Asia. Central Europe then presented the aspect
of a huge archipelago from its many extensive islands, of which one
of the largest was an area comprising the chief part of France,
the north-east of Britain, Ireland, Norway, Sweden, Lapland, and
what are now the separating channels; together with a part of the
Atlantic to the west and south. From the northern part of the old
land-area the author believes that the granitic boulder of Croydoen
was derived. And, as it is, in his opinion, too massive to have
been transported by floating trees, as Mr. C. Darwin describes an
isolated rock-fragment to have been conveyed to the coral-islands
of the Keeling group, —or by sea-weeds (the floating-powers of
which the author has studied in the English Channel),—Mr. Godwin-
Austen refers to an ice-floe as the agent by which such a block
could alone have been lifted from the coast and conveyed far out
to sea. The possible occurrence of rare and isolated boulders in
the chalk-sea under such conditions was analogous, in Mr. Austen's
opinion, to the occasionally extended voyage of icebergs at the:
present day to the coast of Ireland, the Azores, and even to the
Madeira Islands.

[The large portion and several pieces of the granitic boulder and
fragments of felspathic greenstone, from Croydon, presented by
Dr. F. Young, are in the Geological Society’s Museum ; and several
series of Pebbles, &c. from the Chalk, are in the Collections of the
Rev. T. Wiltshire, F.G.S., W. Cunnington, Esq., F.G.S., W. Harris,
Esq.,, F.G.S.,J. S. Bowerbank, Yaq, YRS, wd H. Catt, Esq., and

in the Society’s Museum.)




GLOSSARY.

inations of most of the scientific terms not included in this Glos-
1 given in the text, and may be found by consulting the Index.

« headless ; molluscous animals without a head, as

the Oyster, &c.

. needle-like, sharp-pointed.

. air-stones ; mineral masses that fall from the at-

8
mosphere.
.. a family of marine plants.
t . water-borne materials, especially river-deposits of
c];ecent formation.
B .. .. clayey.
M .. .. meta]{ic base of clay..
e .. sockets of the teeth.
U8 . .. shapeless ; devoid of regular form.
oID. . almond-like; cellular volcanic rocks, the cavities
of which are filled with other subatances.
)SED . branching and interla.cin%.
iED. . .. joints of bones immoveably united.
B .. .. animals having an external integument formed of
rings ; as the Worm.
HE . the feelers of insects.
v, .. jflower-animals, as the Actinia.
ITE. . .. stone-coal, or culm.
OTHERIUM  an extinct animal, allied to the paleotheria, found
in brown-coal.
. destitute of wings ; applied to a particular genus
of bird.
'ENT .. tree-like.
8. . sandy, or composed of sand.
EOUS . clayey, or composed of clay.
\TA. .. animals without an internal skeleton, and having
jointed coverings, as Insects.
ACEOUS .. plants of the reed-tribe.
- .. shell-less mollusks, shaped like a bottle.
. . & genus of corals.
. .. adark-green mineral found in many volcanic rocks
8 .. .. pipe-scale fish,
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BARYTES .
Basavut

Basiv .. ..

BATRACHIAN. .

BELEMNITE ..

BrFID .. ..
BILOBED ..
BrroMENn .
BRACHIAL
BRACHIOPODA

BRANCHIA ..
BRECCIA ..
BrYOZOA

CALC-SINTER

CALCAIRE GROSSIER

CALCAREOUS . .
CaLcrom e
CAMPANULARIA
CANCELLATED
CArsULE e

CARBON ..

CARBONATE OF LIME

CARBONIFEROUS
CARNEOUS
CARYOPHYLLIA
CAUDAL ..
CENTRIFUGAL

CEPHALIC ..
CEPHALOPODA

CERVICAL ..
CETACEA
CHALCEDONY

CIrBHI
CILa ..

GLOBSARY.

. heavy-spar ; a mineral o called. .

.. & lava, composed of augite and felspar; often

columnar.

. & series of deposits formed in a depression of older
rocks, or bent up into a basin-like or trough-
shaped form by subsequent movements,

analogous in structure to the frog ; as the
Salamander.

. (from belemnon, a dart), fossil internal shell of an
extinct genus of cuttle-fish.

.+ divided in two parts, or forked.
.. divided into two lobes.
. . mineral pitch or tar.

. belonging to the arm.
. molluscous animals that have arm-like processes.

.. aquatic organs of respiration, as 5

. conglomerate of fragments of rocks.

.. moss-animals ; a group of marine animals, as the

Flustree.

. deposition from thermal springs charged with car-
onate of lime.
a tertiary limestone of the Paris basin.
. com of lime.
. metallic base of lime.

. a bryozoan with bell-shaped cells.

. the cellular structure of a bone’,

.. alittle box or other containing cavity, a botanical

term.
. the elementary substance of charcoal, coal, and the
diamond.
lime and carbonic acid,
. belonging to coal.
. fleshy. :

. . a clove-like coral.

. belonging to the tail.

: . a force directed from the centre to the circumfer-

ence,
.. belonging to the head.
.. animals baving the instruments of motion placed

around the head; as the Cuttle-fish.
. belonging to the neck. :
. marine mammalia, as the Whale, Porpoise, &¢.
. aspecies of silex, named from Chalcedon, a city of
Xsia, near which it is found in great abundance.
. pincer-claws.
. animals of the turtle tribe.
a silicious mineral allied to flint and chalcedony.

.. .. LY ““g“‘i“" of Yoe chelk.

.. curled processes, a8 in e Barmadie.
.. Deir-lke TIDAMTY Srgams.
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club-shaped.
the system of divisional planes in which crystals may
be cleaved ; the laminated structurein slate-rocks,

. insects having wing-cases, as Beetles,
. . shell-like. 8
.+ a coalition of separate particles.
. an articulating surface or joint,
. applied to parallel strata lying upon each other.

pebbles or waterworn fragments cemented together,
as in Puddingstone.

X .. .. trees bearing cones, as the Fir, Pine, &c.
RM -, «. heart-sha g .
\SH .. . & coarse shelly limestone of the oolite.

. bark- 3
JONS. . seed-lobes of plants.
. . aterm ?plied in Suffolk to certain tertiary beds
of sand and shells.
.. . the vent of a voleano,

[FORM . having the form of a crater.

ATED .. notched, or toothed.

2008 . . .. belonging to chalk,

EA . lily-shaped animals.

T . ng}mfymg the emergence of a stratum on the sur-
ace.

. .. in form of a cross.

EA .. . animals having an external crust or skeleton, as
the Crab.

IAMIA . plants with concealed fructification, as Mosses,
Ferns, &c.

U.LINE . presenting the structure of crystals.

8 . . symmetrical forms assumed by mineral substances.

U8 .. coppery.

ROUS .. copper-bearing.

f0RM cup-shaped.

cex AND Cy-

. a family of plants, including Zamia and Cycas.

(French) .. the ruins or detritus of rocks and strata, or the
fragments of shells, &c.

us . parts which are shed, as leaves of trees; botani-
cally, having the habit of shedding.

.+ «. alluvial deposits formed at the mouths of rivers.

1o +« tree-like ; branched like a tree.

TION . the removal of strata by the action of water, so as
to expose the rocks beneath, as in the Wealden
of the S.E. of England.

‘ . . belongin§ to the skin.

TION.. .. the act of drying.

38 .. . disintegrated materials of rocks.

EDONOUS .. plants with seeds having two lobes.

m .. . & marsupial animal, allied 1o the opossum.
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DLuviom ..
Drr .. .o
DIPTERA

Discomar ..
DoroMiTE ..
Druses

DYEE.. .

EarTH’S CRUST
ECHINODERMATA

EcHINUS
EpENTULOUS. .

ELYTRA ..
ENCRINUS ..
ENTOMOSTRACA

EoCENE
EPHEMERON . .
ERODED
ESCARPMENT. .
ExuviE

FavuLt e
FaLun

FauNa
FELSPAR

FELSPATHIC ..
FERRUGINOUS

FLorA .
FLUVIATILE ..
FLUVIO-MARINE
FoLIACEOUS . .
FORAMINIFERA
FORMATION ..

FOSSILIFEROUS
FusirorM ..

GASTEROPODA

@RLATINOUS ..

GLOSSARY.

. deluge; a term employed to designate ancient allu-

vial deposits.
the incl;x;ation of strata.

. insects having two wings.

. in the form of a disk.

. crystalline magnesian limestone,

. the cavities in minerals, lined with minute c{{mls;
a8, for example, drusy-quartz in the hollows of
flint-nodules.

. an intruded vein of melted matter into rents or
fissures of rocks.

. that portion of the solid surface of the earth which
is accessible to human observation.

. animals having a prickly external integument, as
the Smrﬁsh,$Sea-UrcMn, &e.

. sea-urchin.

.. toothless ; animals having no front teeth, as the
Armadillo .

. wing-cases of insects.

.. & genus of Lil -shaped animals,

. a rge family of the crustaceans, including the

Tnlobites, Cyprides, &c.
. dawn of the recent period ; the early tertiary strata.
. the creature of a day.
. worn away.
. a steep side of a hill or mountain-chain.
. sheddings of animals and plants, or their relics.

.. interruption of the continuity of strata with dis-

lacement.
. 8 French term for tertiary strata analogous to the
Crag.
. the zoology of a particular country.
a mineral which enters into the composition of
many crystalline rocks, :
. belonging to or composed of felspar.

. impregnated with iron.

. the botany of a particular country.

. belonging to a river.

. partly of fluviatile, and partly of marine origin.
Kaaf-hke or leafy. :

-+ a division of animalcules having perforated shells.
. a group, or series of strata, supposed to have been

formed during one geological period.

fossil-bearing.

.. spindle-shaped.

.. molusks with the \ocomative organs on the under-

art of Yoo hody, as Uhe Sne.
oo jellyike,
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BIVOROUS
JPTYCHIUS
ALONOTUS

OLOGUE ..
LINE

RA

ROZOA
ENOPTERA
JGENE

ERGS

NA .
ICATED ..
NDESCENT

CTION
SORIA
STIVOROUS
BSATED ..
RTEBRATA
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. globe-like,

a genus of flexible arborescent corals.
stilts ; applied to birds having long legs and feet,
like the Heron.

+. the order of plants comprising the grasses,

. little grains,

. members of the chalk-formation.
. an ancient volcanic rock.
. hard gritty rock, more or less metamorphic.

.. coarse sandstone.

. sulphate of lime.

.. insects with wings half horny and half membra-

neous.

. animals that eat herbs, as cattle.
. allwrinkle fish, in allusion to the corrugated scales.

.. smooth-back ; name a%plied to a genus of trilo-

bites, in which the lobes are but feebly produced.

. the analogous organ in different animals.

.. ofa glassy or crystalline appearance, or pellucid.

. freshwater polype.

. coral-polypes organized like the Hydra.

. insects with four membranous wings.

: . rocks formed in the interior of the earth, as Granite.

. floating masses of ice.

: . alizard of the West Indies.

. laid over each other like scales or tiles.
. applied to mineral masses in a state of intense

ion.

. the derivation of principles from facts.
. microscopic animals that abound in infusions?
- animals that live on insects, as the Hedgehog.

. dried up.
.. animals without a bony spine or vertebrs, as

worms, lobsters, &e.

. belonging to a lake.

: . formed of, or covered with, thin plates or scales.
. shaped like a thin plate or scale.
.. thin plates ; the thin layers of which a stratum is

composed,

. a variety of volcanic ashes.
. the first stage of an insect.
. melted mineral matter erupted from volcanos.

insects having scaly wings, as Moths.
a provincial term, applied to a group of strata situ-
ated between the new red sandstone and the oolite.

. carbonized wood.



OBSIDIAN .. .. Plassy \ave.
Ocormor .. .. ‘thebeck part t thedl.



OOLITE .

OPERCULUM ..

OPHIDIA .e
ORNITHORHYNCHUS

OssicULA ..
OVATE ..
OVIPAROUS ..
OvUTLIER ..
Oxmme

.o
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.. limestone composed of an aggregation of spheroidal

particles. A

alid; qtyﬁ'ted to the gill-covering in fishes, and the
plate closes the aperture in some univalve
shells,

the snake tribe,

bird-beak ; a genus of animals having the mouth
produced into a beak like a bird.

.. small bones.

-shay
. egnfmalsp:%ich bring forth e,
- a detached or isolated mass of strata.
. the combination of oxygen with any metallie sub-

stance.

PACHYDERMATA . thi;ck-sﬁnned animals, as the rhinoceros, elephant,

PALEONTOLOGY . the science which treats of extinct amimals and
vegetables.

ParreTES .. .. the walls of the cavities in animals.

PECTINATED .. .. toothed like a comb.

PepIFoRM .. shaped like a foot.

PEDUNCLE .. astalk or mp‘fort.

PELAGICOR PELAGIAN belonging to deep seas.

PrpERINO ..
PETROLEUM ..
PINNATE ..
PIsOLITE .
PLEXUS
PLIOCENE
Prumose
POLYPIFERA ..
PORPHYRY
POZZUOLANA., .
PRECIPITATE

PRroTOZOA

PryYCHODUS ..

QUADRUMANA
QuA-QUA-VERSAL
QUARTZ
QUARTZOSE ..

RADIATA ..

.. & volcanic conglomerate or tuff.

. stone-oil ; mineral-oil.

. shaped like a feather or fin,

pea-stone ; resembling peas agglutinated together.

-~ ‘a bundle of vessels.
. the newer groups of the tertiary formation.

.. feather like

polyp-bearing ; corals.

. an ancient igneous rock.

.8 variety of volcanic ashes used for making cement.
. the chemical separation, and deposit in a solid

form, of a substance huld in solution by water,

. first animals ; the lowest or simplest animals, such

as Sponges,ﬁls‘;raminifem, &e.

. wrinkle-tooth fish,

.. light, spol;ﬁy, or porous lava,

pear-shap

. sulphide or bisnlphuret of iron.
. Jire-born ; igneous, applied to ancient melted rocks.

«+ Jfour-handed ; the monkey tribe.

.. applied to concentric strata, that dip on every side.
. & mineral com i

sed of pure flint,

rocks com of silex or flint.

.o

one of the lower divisiona of Yos wxivw
including3the Corals, Rdniwr
)
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RAMOBE ..
RETICULATED
RODENTIA .. e

RUBBLE .. ..
RUMINANTIA .o
SAURIANE .. ..
SAURO-BATRACHIANS

ScapHITE .. ..
ScHIST

ScorL® .. ..
SEDIMENTARY .
SEGREGATION ..
SBEPTA .. .

SEPTARIA .. .

SERRATED .. .
SERTULARIA . .

GLOSSARY.

branched.

kidney-shaped.

resem{ling net-work.

gnawers ; an order of animals having teeth o
peculiar structure, by which they can gnawho
as the Rat, Squirrel, &c.

beds of fragmentary stone.

animals that chew the cud, as the Deer, 01, &

reptiles of the lizard order.

extinct reptiles that partook
of lizards and frogs.

extinct genus of ce) %:alopods, of a boat-like fo

hard laminated and shivery rock

voleanic cinders.

deposited as a sediment by water.

a tgfcmica.l separation of mineral substances

partitions, as in the shells of the Nautili,

mdurated nodules of clay, having crevices f
with spar

toothed like a saw,

of the characterst

. & genus of arborescent corals.

SHALE .. .. laminated clay.

SILEX ., . .. flint.

SILICON .. .. the base of flint.

SiLicIouUs flinty.

SILICIFIED . changed into flint.

St .. .. . fluviatile or marine mud.

SINTER .. . a precipitate from mineral springs.

SPATANGUS ..
SPATHOSE .. e
SPHEROIDAL . .
SrrcuLA
SquaMors
STALACTITE , .

.o ..

STALAGMITE .. ..

STELLULAR ..
STERNAL ., ..
STERNUM ..
STRATIFIED ..
STRATUM
STRIKE

STUFAS .
SYENITE ..

TENTACTLA ..

. a genus of sea-urchins.

sgarry, blade-like.
oblate, or having the form of a spheroid.
pointed pin-like particles.

. scalg.
. pendent masses of carbonate of lime or other

neral.
caleareous concretions formed on the floor of ¢
by droppings from the roof.

. having star-like forms.

relating to the sternum or chest,

.. the breast-bone,
. deposited in layers,

a layer of any deposit.

. the direction or line of bearing of strata, whi

always at right angles with the dip.

. volcanic vents emitting guses and vapours.

a species of granite in which Zornblende suf
the place of mica.

.. feelers.
TERTIARY ..

geologieal formations newer Yam Ne k.
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shell-fish ; molluscs.

hot.

belonging to the chest or thorax.

a variety of lava chiefly composed of felspar.

ancient voleanic rocks; the term derived from the
Swedish, trappa, a stair.

. crystalline tufaceous limestone.
. having three £oinf.s.

three-fingere

three-lobed. .

an extinct family of crustacea, the body divided
into three lobes.

.. organ-pipe coral; corals composed of tubes.
. & porous calcareous deposit from incrusting

streams ; and an earthy voleanic rock.

.. top-shaped, in form of an inverted come.

. strata lying in a different position to those on

which they rest.

.+ hoofed animals.
. shell composed of but one piece.

. fissures in rocks, filled up by mineral substances.

worms,
worm-shaped.

. animals having an osseous spinal column of ver-

tebre.

.. arranged in whorls,
. full of vesicles or cells.
. processes in animal structures, resembling the pile

of velvet.

. the fusion of a substance into glass by heat.
. bringing forth live young.

.. fmthi:sm; peculiar minerals found in voleanic

rocks.
the study of animals,
relating to animals.

o animal-plants, a term applied to corals and other

animals that resemble vegetables in form.

3r2
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CORRIGENDA.—VOL. I.

viii. lines 8 and 8 from bottom ; for Holmosaurus read Hylzosaurus
uy, —17 ————— " Jor Puzzuo read Puzzuoli,
146, for LicN. 23, read Lion. 23,
153, for LiGN. 24, read LiGN. 24%,
158, for L1eN. 25, read LiaN, 25%.
160, line 23 from top; for Mastodon angustidens (narrow tooth)
read Mastodon Arvernensis (of Auvergne).
185, in the note; for Phocene, read Pliocene.
206, in the note; for ywopa read ywopar.
332, line 14, for Crista read Cristellaria.
334, bottom line; for Cotallines read Corallines.
376, in the note ; for Brown read Bronn.
405, in the note ; defore composed read partly.
429, line 11 from top ; for spine read joint.
433, in the note; for 1841 read 1839—1841,
440, line 23 from top ; for tooth-ivory read ivory.
pl. vi., opposite p. 480, for 4} inches read 4} feet.

VOL. II

486, line 11 from bottom ; dele the asterisk.

——in the note; for Rev. C. Fisher read Rev. O. Fisher.

487, in the note; for Henry Carr, Esq., read Henry Catt, Esq.

494, line 12 from top; for Himalay as read Himalayas.

774, in the note; for were read are to be.

873, in the note; for Lurullo read Jurullo.

906, line 5 from bottom, and p. 909 in the note ; for Bequerel read
Becquerel.

Ny

DIRECTIONS TO THE BINDER.

*+* The Engraving of the Country of the Iguanodon is to front the
Title-Page of Vol. I.

The Geololgical Map of England, Plate 1. to be placed opposite to
p. 474, Vol. I.

Tlates II. III. and IV. to face their respective descriptions in Vol.I.;
Tlates V. and VI. to be placed at the end of Vol. II., opposite to p. 955
and p. 986.









DESCRIPTION OF PLATE V.

LIVING ZOOPHYTES AND BRYOZOANS; LECTURE VI.

Fig. 1. Sertularia setacea ; s branch with threo polypes expanded ; highly
magnified ; p. 620.

2, Campanularia gelatinosa ; a branch highly magnified ; some of the
polypes are protruded, and others within their cells ; p, 621.

3. Gorgonia patula ; magnified viow of a branch, with six polypes ex-
panded ; p. 628,

4 The coral of Caryophyllia fasciculata ; p. 624.

8. Flustra pilosa, encircling a picce of fucus; natural size ; p. 606.

6. A singlo cell of Flustra pilosa, with the polype protruding its ten-
tacula; p. 613. -

7. A single cell of a Flustra, with the included polype; p. 613,

8. A small portion of a Flustra magnified, to show the form and ar-
rangement of the cells; p, 612,

9. Corallium rubrum, or red coral ; o branch with its fleshy invest-
ment, and several polypes in different states of expansion, as
they appear when alive in tho sca; p. 630. '

10, Aleyonsum gelatinosum ; a portion highly magnified ; some of the
polypes are expanded, and others in various states of contrao-
tion. The substance so commonly attached to shells and stones
on our sea-coasts, and known by the name of Dead-men’s fingers,
is 8 compound zoophyte of this kind, and is termed Aleyonium
digitatum. (See Dr. Johnston's British Zoophytes, pl. 26.)

11, Pocillopora cerulea, from the Indian scas; drawn when alive in
the water ; p. 624.
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DESCRIPTION OF PLATE VI

LIVING ZOOPHYTES; LECTURE VL

Pavonia lactuca ; a group of four cells, each cell containings
beautiful green polype ; from the shores of the South Sealr
lands; p. 626.

. Branch of Gorgonia, from the West Indies; p. 628.
. Branch of a Gorgonia, from the Mediterranean; p. 628.

A polype of Tubipora rubeola, protruded from its tube; p. 33
Madrepora plantaginea, with the polypes expanded; p. 625.

. The disk of the polype represented in fig. 4, when fully expanded:

Three connected tubes of Sarcinula musicalis, magnified, to sho¥
the internal structure; p. 619,

. Turbinolia rubra, with the body of the zoophyte, as seen alise;

p. 622.

. Sarcinula musicalis, or organ-pipe coral; from the shores of Ne¥

South Wales, as it appears in the water, with its beautiful greet
polypes protruded ; p. 631.

A single detached polype of Astrea viridis, highly maguifid;
p. 626.

A group of living Actinie, or Sea animal-flowers; p. 622.

A polype of a Tubipore expanded; highly magnified; p. 631.

Astrea viridis, represented as alive in the sea; some of the po-
Iypes are expanded, and others contracted; p. 626. )

Turbinolia rubra, with the tentacula of the zoophyte expanded’
p. 623.

. Fungia actiniformis, from the South Pacific Ocean, as seen alive,

and the polypes in activity ; one-tenth the natural size; p. 62










-Abberley Hills, 819,
895.

Acephala, 212.

Acroculia, Silurian,
826.

Acrodus, 424.

Acrognathus  boops,
360, 365.

Acrosaurus of South
Africa, 555.

Actinia, recent, 622.

-Actinocrinites, 663.

Actinocrinus, 824,

Actinoidea, 602, 621.

Action of thermal wa-
ters, 887.

Adrsi,aﬁc, bed of the,

Aérolite from Nanje-
noy, 49.

Agérolites, 49; collec-
tion of, in the British
Museum, 52; origin
of, 50.

African elephant, 143.

Agassiz, Prof. L., on
Fossil Fishes, 254,
352, 482, 794; on
Glaciers, 72; on the
Connecticut foot-
prints, 927.

Age of Reptiles, 484,
586, 940.

AireValley, nearLeeds,
185.

Aix- en - Provence,

INDEX.

fresh-water forma-
tion of, 265; ter-
tiary fishes of, 255,
265 ; tertiary fossils
of, 264.

Aix - la - Chapelle, re-
mains of land-plants
in Cretaceous forma-
tion at, 201, 329.

Alabaster, 543.

Albertite, 718,

Alcyonaria, 602.

A]cggmuis.n zoophytes,

Alcyonium, 602.

Alder, Mr. J.,on Zoo-
phytes, 613.

Alethopteris elegans,
407.

Allan, Mr. R,, on the
Geysers, 96.

Alleghany Mountains,
323, 706, 821.

Alligator Hantonien-
sis, from Hordwell,
256.

Allman,Prof., on fresh-
water Bryozoa, 603,

Allnutt, Miss Jane,
drawing of the White
Rock at Hastings by,
379.

Alteration of rocks,
914.

Alluvial deposits, 39,

o7.

Alluvial deposits in the
Pampas, 165.

Alum Bay, Isle of
Wight, 239 ; marine
Eocene shells at,
247 ; section of, 242 ;
seed-vessels, &c., in

Eocene strata at,
245; sketch of,
239.

Alumina, subsulphate
of, 240.

Alveolites, Carbonifer-
ous, 762; Silurian,
824.

Amber-pines, forests
of, tertiary, 245,

Amber, tertiary, 245.

Amblypterus of the
Coal, 769. .

Amblyrhyncus, 956.

America, Carbonifer-
ous rocks of, 705;
Cretaceous strata in,
322 ; Devonian rocks
of, 789 ; Prof. Silli-
man on the Geology
of, 10; Silurian rocks
of, 819.

Amia Lewesiensis,358.

Ammonite or Cornu-
ammonis, 344.

Ammonites Mantelli,
340 ; of the- Oolite,
AN, Suanevensiag

AN ) wRXRDS,



An&l)nédcukl in flint,
Animalculites or Mi-
crozoa of the Chalk,
331,
Animal forms, diver-
sity of, 599.
Animal nature of Zoo-
phytes, 603.
remains, rocks
composed of, 932.
Animals, extinction of,
123; extirpated by
human agency, 125.
Animals and pdk:ts,
eographical distri-
guﬁon of, 33.
Anoplotheria, 261, 262.
Anoplotherium com-
mune, 259, 261;
gracile, 259,
Ansted, Prof., on the
Coal-fields, 676 ; on
Mineral-veins, 907,
Anthozoa, or corals,
0

6C0.
Anthracite, 721, 720;

a@’, referred to, 301,
306, 376, 788.
Arsenic, 849, 907.
Artesian well at Gre-
nelle,near Paris, 233,
Artesian wells, 236;
in Russia, 322 ; near
London, 237.
Articulated structure
of rocks, 890.
Artificial solution of
silex, 99.
Artificial vegetable
petrifactions, 729.
Ascension, fossil turtles
of the Isle of, 89.
Ashburnham strata,
380,

Asiatic elephant, 143.
Asplenium  scolopen-

b

Austen, Rev. Mry
Guide to the Ger
logy of Purbeck by
referred to, 394

Austin, Mr., on Ci

noids, 658.

ustralia, fauns a0d

flora of, 511, 9%9;

osseous breccis oh

189.

Auvergne, extinct '01:
canos of, 273, 47}
fresh-water strats of
A7y geology %

>







Birds, fossil, 257, 452,
520, 534,
Bischof, Prof., on the
origin of rocks, 883,
Bison priscus, 133.
Bitumen, 722, 723.
Bitumenite, 718.
Blaiaville, M., on Zoo-
phytes, 603.
Blankenburg, plants
from Chalk-strata at,
329.

Blende, 900, 908.
Blomfield, Dr. Charles
James, quoted, 29.
Blue-John of Derby-

shire, 696.
Boghead-coal, 718,
Bognor, marine eocene

shells at, 247, 249,
Bognor rocks, 241.
Bohemia, plants from

Chalk-strata of 329;

Silurian rocks of,

819.

Boiling springs, 97,
Bolney, in Sussex,
oxide of iron near,

83.

{g&; primigenius,
Bosguet, M., on the

Wealden, 418.
Botanical epochs, 776.
Bottom-rocks, 823.
Boué, M., on the salt-

mines of Galicia,

Boughton Malherbe,
near Maidstone, jaw

and bones of ahyena .

in a fissure in Kent-
ish Rag at, 182.
Boulder near Mount
Sinai, 218.
Boulder of granite in
the Chalk, 973.
Boulders, erratic, 214,
Bourgueticrinus  of
the Chalk, 663.
Bournemouth, plant-
remains in Eocene
strata at, 245.
Bovey Tracey in De-
vonshire, tertiary
brown-cosl sy, Wb,

g;glway section,

Brighton Cliffs, 1135
coast, mutations o= 1
460 ; geological phe=="
nomena  betweess= 1
London and, 372 4
nliaed sea-beach &~
112.

Bristowe, Mr., on thes—*
strata at Alum-Bayg

239, i

Br:'htish Channel, bed —
e, 69.

Brodie, the Rev. P. B g

on fossil insects, 9=
419, 422, 523, 529 i
discovery of Entomomsss™®
straca near Din

419 ; Leptolepis di
uvered by, 424 ;



fish-remains in the
Keuper, 551; on
Purbeck insects,
387.

Brodie, Mr. W., and
Mr, S. Beckles, dis-
covery of remains of
reptiles and mam-
mals in the Purbeck
beds, by, 394.

Bromley, shell-conglo-
merateat, 231.

Bromsgrove, Bunter-
sandstone of, 551.

Brongniart, Adolphe,
on the plant-remains
at Hoer, 387; on
fossil plants, 548,
710, 737, 739, 743.

Bronn’s Lethza Geog-
nostica, referred to,
256, 740,

Brook Point,fossil trees
of the Wealden at,
390.

Brook Point to Shal-
comb Down, section
from, 389.

Brown-coal, at Wool-
wich in Kent, Corfe
in Dorset, Bovey
Tracey in Devon-
shire, and in France,
the Netherlands,
Germany, &c., 245;
of the Rhine, 283.

Brown, Dr. 8,, on Si-
lex, 727.

Bryozos,600,601, 611;
in chalk, 329, 331;
Carboniferous, 762 ;
Silurian, 824; re-
wmarks on the mo-
menclature of the,

Bryson, Mr.,, on dia-
tomacee in slate-
rocks, 918, 953.

Bubalus  moschatus,
133,

Buckland, Rev. Dr.,

INDEX.

on Mammalian re-
mains, 136; on the
Kirkdale Cave, 180;
on theMegalosaurus,
435, 506 ; on Triassic
footprints, 557; on
the materials of the
Wealden beds, 487 ;
on the molluskite in
Ammonites, 345; on
Artesian wells, 236 ;
on crystals of lime,
196.

Bugula flabellata, 618.

Bulimus conicus, 248.

Bunsen, Prof., on the
Geysers, 96.

Bunter-sandstone, 551.

Burdie-House lime-
stone, 709,

Burmeister, Prof., on
the Labyrinthodonts,
552.

Busk, Dr., on Bryo-
zoa, 600.

Byron, Lord, quoted,
121.

C.
Cader Idris, strata of,
8

18.

Calamites, 549, 737,

Calbourne, fresh-water
tertiary shells at,
2149,

Calciferous sandstone
of America, 821.

Calcott, Lady, on the
elevation of the coast
at Valparaiso, 111.

Calc-spar, 74, 195,
908.

Caledonian Valley, 921.

Calymene Blumen-
bachii, 830.

Cambrian formation,
205, 804.

Campanularie, 621,

Cancer wmarcrochelns
from Malta, 254,

382

991

Candia, changes of le-
vel in, 961,

Canoe, ancient British,
in silt at North
Stoke, 64.

Canterbury Cathedral,
polished columns of
Purbeck marble,
416.

Carbonate of lime, 74,
195, 908.

Carbonic acid gas, de-
struction of rocks
by, 79 ; in Caves, 80.

Carboniferous forma-
tion, 204.

Carboniferous or
Mountain Lime-
stone, 693 ; of An-
glesea, 904 ; period,
925; rocks of De-
vonshire, 696 ; se-
ries, 670, 672; se-
ries of North Ameri-
ca, 705; slate of
Ireland, 673; trees
and plants, 752.

Ca;b!zuetted hydrogen,

22.

Carcharias megalodon,
225

Carcharodon, teeth of],
in Crag, 255.
Carnivora (fossil) in
caverns, 175 ; Osteo-
logy of, 139.
Carpolites  Mantelli,
Brong., 412;
Smithiz, fromChalk
in Kent, 329.
Carrara marble, 895.
Carved-scale fish, De-
vonian, 797.825
ocystites, .
Cc;ruyyop{lyllia, 623.
Cashmere, buried tem-
ple in, 961.
Castle Hill, Newhaven,
115, 238, 240.
Calemipors,  Shdes,
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nian, 792; Jurassic,
528 ; Silurian, 826.
Cephalaspis, Devonian,
794 ; Silurian, 832,
Ceratiocaris, Silurian,
827.
Cerithinm giganteam,
© 249 ;  lamellosum,
247 ; of the Oolite,
499.
Cestracion, or Port
Jackson shark, 355.
Oestracionts, 770,
Cetaceans in Cretace-
ous formation, 325.
Cetiosauri of the Qolite,
497.
Cetiosaurus of the
Wealden, 427,
Cette, osseous breccia
at, 188.
Chain-coral, 651, 820,
824

Chulcédony, 8R6.
Chaldni on aerolites,52.

332; shells of the,
340 ; star-fishes of
the, 337; teeth of
sharks in, 354 ; with
flints, 301 ; Zoology
of the, 481; zoo-
phytes of, 320.
‘Chalk-detritus, at Cha-
ring, 335; method
of procuring and
‘cleansing the fossils
of the, 336.
Chalk-downs, 303.
Chalk-dust, highly
magnified, 305.
Chalk-formation, 201 ;
at Pondicherry
g%guthem India),
;  geographical
extent of, 302 ; mid-
dle and lower groups
of, 314; organic re-
mains of, 323 ; sub-
divisions of, 301.

Chalk-max), ), NA

wall, 901.
Cheiracanthus, 797.
Cheirolepis, 797. -
Ch;;rlotheﬁan reptiles,
Chelone Belii, 427;

Benstedi,from chalk,

368; costata, 427;

Mantelli, 427.
Chelonian foot-tracks

in the Devonian,57,

574, 797; i the

millstone-grit, 693;

in the Permian, 555

575.

Chelonian reptiles,573;
in chalk, 367 ; in the
‘Wealden, 427.

Cheltenham waters,

544,
Chemical agencies,
gec;sof,%l;chmsﬂ
77.
Cuiduestsre  Cathedssh
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mation of, 639.
Corallaria, 621.
Corallina officinalis,
601

Coralline limestone,
652, 821, 905.

Coralline marbles, 652,

Corallium rubrum,630.

Coral-rag, 497.

Coral-reefs, 636 ; of
Loo Choo, 637.

Cogal-sand of Bahamas,

9.

Corals, 618; appear-
ance of living, 634 ;
carboniferous, 762 ;
geographical distri-
bution of, 632; in
Chalk, 330; in the
Maestricht beds,330;
Jurassic, 649 ; Pa-
leeozoic, 649 ; Upper
Silurian, 820 ; Silu-
rian, 823

ous, 224; Mr."

Charlesworth on the,
223 ; Norwich, 224 ;
shells of, 224 ; sub-
divisions of, 224;
Suffolk or lower-
most, 224 ; upper or
Red, 224; Mastodon
of the, 965; Mr. 8.
V. Wood, on the
fossils of the, 224.

Crater of Puy de Come,
273 ; Puy de Dome,
273. )

Craters, of Auvergne,
852; of elevation,
847; of eruption,
846.

Craufurd, Mr., collec-
tion of teeth and
bones, 161.

Cray-fish, 349.

Creduer’s, Herr, col-
lection of recks, N,

Cross, Mr. Andrew,

fossil teeth of, 429 H
of the Wealden, 42000088,

ommmm—_1
thehil':rmaﬁon o
crystals by galvan -
ism, 906.

ism,
Crustacea, Mollusca,-
and Crinoidea of thesse

Trias, 549.

Crustaceans and fishemm®®™s
of the London Clay— ==,
253 ; and insects o =
the Oolite, 529;
Carboniferous, 766 —==
fossil, 417; of the==
Chalk, 348; of the=
Devonian series,
792; of theWealden. -
418; Silurian, 827.

Cx{stalliution defined —m=

95. .

Crystal Palace Gar—
dens, models of ex——"
\meX wewamals an



reptiles in, 260, 435,
448, 451, 532, 553,
566.

Ctenoid fishes, 352.

Cuckfield Quarries,
381, 382,

Culm-rocks, 784.

Culver Clff (Isle of
‘Wight), Chalk strata
nearly vertical at,
303

Cumberland, paleeozoic
rocks of, 805.

Cumbrian rocks, 805.

Cup-like encrinite,666.

Cupreous deposits,912.

Cupriferous grits, 912.

Currents, effects of,

Curvatures in quartz-
rock, 886.

Cuvier, Baron, on fos-
sils, 135 ; principles
of Paleontology,
138 ; discovery of
fossil birds, 257 ; on
a Wealden turtle,
426. .

Cuvierian pachyderms,
fossil, 258.

Cyathocrinus, 824,

Cyathophyllum, 824.

Cycadet, 400,547, 735.

Cycadeoidea megalo-
phylla (Dr. Buck-
land), 401.

Cycadeous plants, 407.

Cyclas of the Wealden,
417.

Cycloid fishes, 352.

Cyclostoma mumia,
248

Cyclura carinata, 450.

Cypreea inflata, 247.

Cyprides, 419 ; fossil,
from Aix, 267.

Cypridinen-Schiefer,
785, 794,

Cypris, 418 ; granulosa,
419; spinigera, 419;
Valdensis, 419.

INDEX.

Cyrena media, 417;
membranacea, 417.
Cystidea, 666, 820.

D.

‘Dallaway’s and Hors-

field’s History of
Sussex, referred to,
386

Dalmatia,osseous brec-
cia in, 188,

Damarites Fittoni,
Unger., 412.

Dana, Mr. J. D., re-
ferred to, 29; omn
Zoophytes, 602; on
the limits of coral-
growth, 633 ; on si-
licification, 731.

D’Archiac, M., refer-

red to, 301, 306, 376,
788.
Darmstadt, miocene

strata of, 262.
Darwin, Mr. C., on
glaciers, 71; on the
alluvial deposits in
the Pampas, 165;
on the Andes, 287 ;
referred to, 708 ; on
theFalkland Islands,
887 ; onthe Galapa-
gos Islands, 939.
Daubeny, Dr. C., on
the Cheltenham wa-
ters, 545; on vol-
canos, 81, 862.
Davidson, Mr, T., on
recent and fossil Bra-
chiopoda, 825,
Davy, Sir H., on the
Solfatara, 76, 463.
Dawson, Prof., on the
Carboniferous rocks
of Nova Scotia, 708.
Dawson’s patent fuel,
102.

Deane, Dr., on the
Connecticut  foot-
prints, 599.

995

Deane, Mr. H., on
spiniferites in chalk,
311, 312.

De Beaumont, M. Elie,
on metalliferous gra-
nite, 900; referred
to, 950,

Decomposition  of
rocks, 885.

Deer, Irish gigantic,
131.

De la Beche, Sir H.,
on a€rolites, 49 ; his
Researches in Theo-
retical Geology refer-
red to, 32; on the Ge-
ology of the environs
of Nice, 188 ; on De-
vonian rocks, 785;
on mineral veins,
907; on granite-
veins, 898; on the
Exeter trap-rocks,
564; on the concur-
rence of fossil insects
and pterodactyles,
513.

Delta, of the Ganges,
57 ; of the Missis-
sippi, 57 ; of the
Nile, 59, 60; of the
Wealden, 202, 380.

Delthyris shaly lime-
stone, 821.

De 6;4\10, on peat-bogs,

Dendrodus, 797.

Denny, Mr. H., on the
gigantic Irish deer,
132,

Dennis, Rev. J., on
fossil bird - bones,
534 ; on mammalian
bones in the Lias,
534.

Denon, M., on the
sands of Egypt, 90.

Depth of the ocean, 69.

Derbyshire, coal-field
of, Sl coudets\
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Diamond, 724.

Diatomacee in meta-
morphic rocks, 918.

Dichobune, 262.

Dickinson, Capt. T., on
the Wreck of the

D Theti:;l, 70.
ictyophyllym crassj-
nervam, 549.

Dicynodon of South
Africa, 554.

Didus ineptus, 129,

Dietfenbach,Dr.,on the
thermal springs of
New Zealand, 98;
lignites of New Zea-
land, 708,

Diluvial, 39.

Dinornis of New Zea-
land, 128.

Dinosaurians, 433.

Dinotherium, 175,262 ;
proboscidean  cha-
racter of the, 963.

Dinton, entomostraca

Dolerite, 849,
Dolomieu, M., on pu-
mice, 850.
Dolomite, 562, 565.
Dolichosaurus longi-
collis, 367,
D’Orbigny, M. Alcide,
Jurassic fossils de-
scribed by, 526 ; re-
ferred to, 708.
Dore, Mont, extinct
volcanos at, 275.
Downshire,Marquis of,
salt-works at Car-
rickfergus, 540.
Drachenfels, extinct
volcanos at, 281,
Draco volans, 583.
Drift, 39, 200, 2]6;
atMuswell Hill,221;
and alluvial debris,
208

Drifted sand, 90.
Driopithecus Fontani,
223,

structure of, 31;
temperature of, 34;
gaseous state of, 48;
internal heat of, 34.
Earthquake of Lisbon,
842,
Earthquakes, 841 ; o
fects of, 842.
Eastware Bay, nest
Folkstone, 317.
Ebelmen, M., on arti-
ficial crystals, 906.
Echinites and spines
from the Chalk, 338.
Echinoidea of the 0o
lite, 528. .
Echinoderms, Siluriss,
822

Echinospheerites, 85.
Edaphodon leptogns
thus, 255 ; Mantdli

356. i
Edwards, Mr. F., bis
collection of High-
TR Londn TS, e



nograph of the Eo-
cene mollusca of
England referred to,
242, 249, 250.

Edwards, M. Milne,
and M. J. Haime,
on British fossil co-
rals, 246, 621.

Effects of currents, 70 ;
of dynamical and
chemicalaction,931 ;
of high temperature,
102.

Egerton, Sir P., classi-
fication of fishes by,
referred to, 352; on
chimeroid fishes,
355 ; referred to,519.

Ehrenberg, Prof., on
the origin of flints,
307 ; on corals and
bryozoa, 600; on
greensand, 823; on
infusoria, in volca~
nic ashes, 860; on
infusoria in volcanic
tuffs, &c., 918; re-
ferred to, 953.

Eifel-rocks, Devonian,
786.

Elementary organic
structure, 608.

Elephants, fossil, 147 ;
grinding surface of
teeth of, 143 ; teeth,
142.

Elephas primigenius,
967 ; tooth of, 161,

Elevation, of Italy,
959; of mountains,
919 ; of Newfound-
land, 958 ; of New
Zealand, 961; of
Scandinavia, 115;
of the coast of Chili,
111.

Ellis, Mr. on corals,
603

Elvans of Cornwall,
786, 8§99,
Emerald, 905.

INDEX.

Emergence of sub-
marine volcanos,
874,

Emmons, Dr., on fossil

* mammals in Caro-
lina, 520.

Emydes, 574.

Enaliosaurians, 576.

Encke’s Comet, 44, 45,

Encrinital marble, 660.

Encrinites, 550, 658.

Endogenites erosa,407.

Entomostraca of the
Chalk, 254, 350 ;. of
the Wealden, 418;
Tertiary, 254.

Entrochites, 658.

Eocene, or Lower Ter-
tiary, 211, 216, 226;
shells of the Paris
Tertiaries, - 247 ;
strata, organic re-
mains of the, 243.

Epoch of terrestrial
mammalia, 135.

Equisetacee, 735.

Equisetites, 549,

Equisetum, 407.

Eremacausis, 721.

Erith, thickness of an
ancient alluvial silt
at, 149.

Ernouf, Gen., on the
Guadaloupe sand-
stone, 87.

Erratic boulders, 217.

Eruptions of Vesuvius,
848, 852.

Essex, teeth of Mosa-
saurus in Chalk of,
321.

Estheria, 418, 420.

Europe, Tertiary strata
of, 283 wy

Evaporation,
of, 56.

Evidence,
108

amount
historical,
Excavation of valleys

by streams snd
rivers, 280.
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Existing geological
agents, 53; vegeta-
bles classified, 731.

Extinct elephant, or
Mammoth, in ice,
151,

Extinct volcanos of
Auvergne, 272; of
the Rhine, 281, 293.

Extinction of animals,
123 ; thelaw of, 124,

F.

Fairholme, Mr., on the
earth’s surface, 36.
Falconer, Dr. Hugh,

and Sir P. Cautley
on the fossil zoology
of the Sewalik Hills,
163, 257, 575 ; fossils
- collected by, 242.
Falconer, Dr., on Ele-
phant, 963, 967 ; on
Mastodon and Ele-
phant, 963.
allow-deer from Sca-
nia, 173.
Farre, Dr. A., on bry-
ozoa, 600.
Farringdon, zoophytes
from,
Faults in the coal-mea-
sures, 700.
Fauna of New Zea-
land, 938.
Faune, successive fos-
sil, 928,
Favosites, 824 ; Upper
Silurian, 820.
Faxoe-chalk, 645.
Feather-stars, 655.
Fellows,SirC.,referred
to, 961. .
Felspar, 843, 883.
Femur of {guanodon,
447.
Terne, DAy K O
W ealden, A%
Terranie imyetais H
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Trias, 551; of the
Wealden, 422.

Fish-teeth, 551.

Fissures, 898.

Fitton, Dr. W, H., on
the beds below the
Chalk, 387, 399;
Guide to the Ge-
ology of Hastings
by, referred to, 375,
378; on extraneous
fossils in the Weald-
en, 487; on the
strata below the
Chalk, quoted, 388.

Flag-stones of Mag-

desprung, 822.

oL &.

Fluviatile strata, form-
ation of, 59.

Fluvio-marine deposits
in the Valley of the
Ouse, 61; Upper
Eocene deposits of
the Isle of Wight,
243.

Flying reptiles, 581.

Focus of volcanic ac-
tion, 842.

Foliation of the Gneis-
sic rocks, 836.

Folkstone Cliffs, 316.

Food of zoophytes,
[1CY

Foot-tracks, foss 155,

LUBT VLG T, v -
submerged, 403;
ridge of the Wes:
den, 372.

Forests, subterraneas
6

7. .

Forfarshire, lacustrin®
deposits of, 85 ; 8¢
tion in, 787; shales

833.

Formation of agatt$
886; of corali*
lands, 639 ; of nev
rocks, 877; of &
cent sandstone &
Cornwall, 91. _

Formations, classifi®”
Non oK, WA, Lawer



Secondary, 488; of
the Secondary epoch,
299 ’

Forsterhole in Ger-
many, osseous con-
tents of, 178.

Fossil aerolites, 52;
birds, 257, 452,
520, 534; bones and
teeth of eltphants
of various parts of
England, 150; co-
rals, 650; carnivora
in caverns, 175;
fauna, 928; ferns,
738; fishes, 832;
from Aix, 265; of
Monte Bolca, 269;
of the Chalk, 365;
flora, 928; foot-
steps, 555; fox of
(Eningen, 268; fruits
from the Wealden,
412; human skele-
tons,85 ; insects from
Aix,265 ; ivory,138;
mammalia of Au-
vergne,278; of Paris,
258; of Stonesfield,
508 ; of the Sub-Hi-
malayas, 162 ; of the
valley of the Thames,
149 ; mammalian re-
mains, 136, 258, 261,
268, 278, 304, 508,
562, 963; in Kent,
at Herme Bay, at
Harwich, in Nor-
folk, in Suffolk, and
in Sussex, 136; in
the Sub-Appennine
formations, 135;
monkeys, 262 ; nau-
tiles, 249 ; plants in
Eocene strata, 243;
of the Coal, 732 ; of
the Wealden, 405;
scorpion, 768 ; shells,
211; from London
Clay at Primrose
Hill, 253; teeth of

INDEX.

Crocodilian reptiles,
429 ; tortoises and
turtles, 574; trees
of the Wealden at
Brook Point, 390;
turtles in chalk, 367;
vegetables, 404,912 ;
wood of Egypt, 886 ;
zoophytes, 642.

Fossiliferous rocks,
897 ; strata, 200.

Fossily, Cambro-Silu-
rian, 821; creta-
ceous, 323; De-
vonian, 790; in
metamorphic rocks,
916 ; of the coal-
series, 732; of the
Isle of Sheppey,
233; of the Lower
Tertiary strata of
the Hampshire ba-
sin, 240; of the
Oolite and Lias, 507,
526 ; of the Permian
system, 567 ; of the
Trias, 547; of the
‘Wealden, 400; up-
per Tertiary, 131.

Fournet, M., on mi-
neral-veins, 908; on
hypogene rocks, 915.

Fox, Mr, R. W., on
mineral veins, 909.

Fox of (Eningen, fos-
sil, 268.

Fraas, M., on Jurassic
rocks, 512.

France, Cretaceous
strata in, 322; Si-
lurian rocks of, 819 ;
Tertiary volcanos of,
270.

Fresh-water strata of
Auvergne, 277 ; po-
lype, 606 ; shells of
the Paris Tertiaries,
248; Wealden-shells,
413, 417.

Fringing-reefs, 640.

Frog-tribe, 584.
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Pruits of coniferee, 412;
in the Isle of Shep-
pey, 244.

Fuci, 699, 822.

Fucoid in chalk-marl,
Bignor, 328.

Fucoidal marks, 808 ;
plants, 547.

Fucoides Harlani, 822.

Fumarole, 873.

Fungi, 735.

Fungia, 626 ; in lime-
stone from Maes-
tricht, 330.

Fusus contrarius, 224 ;
uniplicatus, 247.

G.

Galecynus (Eningen-
sis, 268.

Galena, 900, 910.

Galeus pristodontus,
354.

Galicia, salt-mines of,
289 ; teeth of Mosa-
saurus at, 321.

Ganges,delta of the, 57.

Gangue, 908.

Ganoid fishes, 352.

Garnet, 906,

Garnets in altered
rocks, 904.

Gas, 839.

Gaseous state of the
earth, probable ori-
ginal, 48.

Gasteropods, Carboni-
ferous, 763.

Gastornis Parisiensis,
258.

Gaudin, M., on ficti-
tious rubies, 905.
Gault, 301, 315; fos-
sils of the, at Folk-

stone, 326.
Gavials, 429.
Gaylenreuth, boves {a
e Caxe oL B )\ .

Gemitz, Rk N



the Conl and Ooale
. phasia, 673 780,

astronomy, 40; na-
ture of, 26; of Cen-
tral France, 293 ; of
England, 207 ; of the
Isle of Wight, 242;
of the South-east of
England, 238, 370.
Getl;man divisions of
e Jurassic period,
488,

Germany, Cretaceous
stratain, 322 ; Weal.
den of, 387.

Geysers of Iceland, 93.

Gibraltar,osseous brec-

Gold, 907, 910.
Goldfuss, Prof., on pte-
rodactyles, 533.
Gold-veins, 910.
Goniatites, Silurian,
827; iferous,

763.
Goniopholis crassidens,
430,

Gorgonia, 623.

Gorgonidze, 619.

Gosau beds (Eastern
Alps), 301.

Gosse, Mr.,referred to,
605, 738.

Gothland, Isle of, 820.

Gradual rise of Scandi-
navia, 841.

Granite, 882, 880, 898;
of Cornwall and De-
v ire, 902 ; veins,
898, 900. ‘

Granite, boulder of, in
the Chalk, ST,

on, 314.
Greenstone-porphyry,
904.

Grey chalk, 301
Grey-wethers, 331.
Griffith, Dr. R., on Ar-
trim, 895; on e
* Devonian rocks of
Ireland, 784.
Grove, Mr. W.B,, re
ferred to, 194, 906
Grotto del Cane, 80
Guadaloupe, section of
the cliffs at, 85 ; fos-
gl human skeleton
from, 87, 88.
Guettard, M., on b
Pentacrinus, 656.
Gulf-stream, 70.
Gypsum, 542
Gyrogonites, 267.
Hagly Park, 811, 812
Hall, Capt. Basil, oo
coral-reefs, 637; o
\awassarmenta, 890;



on the Val del Bove,
866.

Hall, Sir James, expe-
riments on melted
rock, 813,

Halysites, 824.

Hamilton, Mr. W, J.,
on the fumaroles of
Tuscany, 544; on
the Brown-coal and
other tertiary form-
ations of Germany,

Hnmmes, 346; from
gault, 340.

Hampshire basin,
lower tertiary strata
of, 240.

Handfast Point, verti-
cal Chalk-strata at,
395,

Hants, terti basih
of, 227. tasy

Harkness, Prof.,, on
the red sandstone of
Southern Scotland,
555.

Harlan, Dr. R., Medi-
cal and Physical Re-
searches, by, refer-
red to, 450, 468, 822.

Harris, Mr. W., chalk-
detritus discovered
by, 336 ; on theiron-
stone of the North
Downs, 971.

Hartz, Silurian rocks
of, 822,

Harwich, fossil mam-
malian remains in
clay off, 136.

Hastings, Geology of,
379; cliffs, Mr.Web-
ster’s memoir on the
stratification of the,
referred to, 378 ;
sands, 381, 385
‘White Rock at, 379

Hastings,Marchioness,
fossil crocodile from
clay near Lyming-

INDEX.

ton, by, 257; fossils
discovered by, 242.

Haughton, Prof., on
granites, 898,
Hawaii, 866.
Hawkins, Mr. B.

Waterhouse, restor-
ations of forms of
extinct species of
ancient mammalian
and reptilian ani-
mals by, 260, 435,
448, 451, 532, 553,
576.

Hawkins, Mr. T., on
Ichthyosauri, 576.
Hawkshaw, Mr,, on
upright trees in the

Coal, 687.

Headley, oyster-shells
at, .

Headon Hill, fresh-wa-
ter tertiary shells at,
249 ; section of, 242.

Heliolites, 824.

Helminthochiton, 826.

Hempstead Cliff, 243.

Henfrey, Prof,, Tre-
ferred to, 710, 717.

Henslow, Rev. Prof.,
referred to, 710; on
microscopical sec-
tions of coal, 904.

Herbivora, Osteology
of the, 141.

Herbivorous reptiles,
436.

Herculaneum, 856.
Hermit-crab, claws of,
from Maestricht,

350,

Herne Bay, fossil

. mammalian remains
in clay at, 136.

Herschel, Sir J.F.W.,
referred to, 44, 46,
110, 462, 774; on
the Nebular theory,
463.

Herter, M. Pax), te-
ferred to, 566.
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Hertfordshire pudding-
stone, 101.

Hibbert, Dr., on meta-
morphism of rocks,

Highgate, marine eo-
cene shells at, 247;
Nautilus imperialis
from, 249; remains
of Chimeroid fish
at, 255.

ngh temperature, ef-

ts of, 102.

Hippopotamus, rhino-
ceros-horse, &c. (fos-
sil), 172.

Hippurite-limestone,

Historical evidence,
108.

Hitchcock, Prof., re-
ferred to, 821; on
fossil foot - tracks,

558, 927.
Hochstetter, on veat-
bogs, 65.
Hoffman, M., disco-
very of Mosasaurus
by, 320

Holoptychius, 770 ; no-
bilissimus, 796.

Hooker, Dr.J. D., re-
ferred to, 710, 735,
743.

Hopkins, Mr. William,
on the interior of
the earth, 32; on
toad-stone, 699; on
the earth’s tempera-
ture, 32

Hordwell, marine eo-
cene shells at, 247 ;
Alligator Hantonien-
sis from, 256 ; CIiff,
242.

Hornblende,883; slate,
900.

Horner,Leonard, Esq.,
on the Geology of

e  envitons KX

Voon, Wy

&
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Egypt and the Nile,
60.

Homitos of Jurullo,
873.

Horse, remains of, in
conglomerated shin-
gle from Brighton
cliffs, 173 ; skull of
the, 141.

Horsham, fawn - co-
loured sandstone
near, 382.

Hove, chalybeate hill
at, 241.

Howse, Mr. R., on
Permian rocks, 537,
563.

Hudson River rocks,
821,

Hull, Mr. E.,, on the
Cotteswolds, 504,
Hullmandel, Mr. C.,
on the subsidence of
the coast at Puz-

zuoli, 470.

Human bones and
works of art in ca-
verns, 183, 184; in
the gravel of the
Suabian Alps, 185 ;
in the Aire valley,
near Leeds, 185.

Human skeletons,
fossil, 85; in sedi-
ments of the river
valleys, 64.

Humboldt, Baron, on
aerolites, 53; on
volcanic phenomena,
860 ; un granite, 916.

Hunt, Mr. Robert, on
crystallization, 909 ;
on salt produce, 541.

Huntingdonshire, re-
mains of hippopota-
mus from, 172.

Huronian or bottom
rocks of Canada,82\.

Hutton, Dr., referred
to, 104, 915." .
Huttoy, Mr. W,

INDEX.

“ Fossil Flora,"’ 710,
Huxley, Prof. T. H,,

referred to, 531;

on fish-tails, 795.
Hybodonts of the

Wealden, 424.
Hybodus, teeth and
Jaws of, 355
Hydra, 606.
Hyena, remains of,

from Kirkdale Cave,
181 ; remains of, in
Kent, 182.
Hyleosaurus, remains
of, 451, 452; or
Wealden lizard, 449,
485.
Hymenocaris, 827,
Hyopotamus, 262.
Hypsodon, 356 ; Lew-
esiensis, 357.
Hypogene rocks, 206,
880 883.

I.

Ibbetson, Mr. L., and
Mr. Morris, on the
Collyweston slates,
517.

Ice, extinct elephant,
or Mammotbh, in,151.

Icebergs and glaciers,
71.

Iceland, the Geysers
of, 93, 95.
Ichnolites or fossil

footsteps, 555.
Ichthyodorulites, 551.
Ichthyolites, Devonian,

790; of the Chalk,

352 ; Carboniferous,

769; Silurian, 832 ;

Tertiary, 269.
Ichthyology,fossil, 351.
Ichthyosauri of the

Qolite, 497.
Ichthyosaurus, 576 ; in

Chalk, 391

1goanas orlendAvzards,
436.

Iguanide, 482.

Iguanodon, 367, 43%,
444—446; country
of, 453, 484 ; femur,
&c., of, 446, 47;
lower jaw of, 441.
probable form and
size of the, 447; re-
mains of, discovered
byMr. W .H.Bensted
in lower greensand
at Maidstone, 442;
right side of lower
jaw of, 44I; ver-
tebree of, 441, 445;
teeth and jaws of,
438, 439; Mantelli,
438 ; upper tooth of,
440 .

Ilford, fossil bones
from, 150.

Ilfracomb or Plymouth
group, 786.

Incrustations, 75.

Incrusting springs, 73.

Indusia tabulata, from
Auvergne, 277.

Inferior oolite, 676.

Infusorial marls
Virginia, 286.

Inoceramus concentri-
cus, 340; in cre-
taceous strata of
Saxony.

Inoceramus sulcatus,
340 ; Lamarckii, 340.

Ionian Isles, osseous
breccias in, 137.

Insects, carboniferous,
766; fossil, from
Aix, 265; of the
Wealden, 421.

Intense heat, effects of,
877.

Introduction, by Prof.
Silliman, 1.

Ireland, chalk in An-
trim, 302 ; peat-bogs
af, 65 ; Cervus me-
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tic deer, fossil, 131,
Iron, 849, 911; con-
solidation by, 81.
Ironstone, recent, 810.

Iron-pyrites, 900.
Iron-works of Sussex,
386 ; of the Romans,
near Maresfield,
386; of the South-
east of England, 386.
Isbister, Mr. A. K.,
on the Geology of
Nortk America, 789,
Ischia, 845 ; changes of
level in, 962.
Isis hippuris, 629.
Isle of Ascension, 89;
of Man, 903 ; Cervus
megaceros in the,
131; of Peortland,
395; of Purbeck,
bone from, 412; of
Rathlin, 895; of
Sheppey, 233 ; ma-
rine eocene shells at,
247 ; fruits in, 245 ;
of Skye, 896; of
Staffa,891; of Wight,
238; cretaceous se-
ries along the south-
ern coast of, 303;
fluvio-marine upper
eocene deposits in
the, 243; fossil fo-
rest of, 300; fresh-
water tértiary strata
of, 242; trifid foot-
marks in the Weal-
den strata of the,
382; section from
London to southern
coast of, 374 ; ter-
tiary basin of, 227.
Ivory, fossil, 148,

J.
Jackson, Dr. C. T.,

referred to, 66.
Jackson, Mr. J. R., on

INDEX.

minerals, 905.
Jaeger, Dr., on fossil
reptiles, 523 ; on La-
byrinthodon, 552.
Jardine, Sir W.,
footprints, 575.
Jeffreys, Mr., on solu-
tion of silex, 99.
Joggins, coal-beds of
the, 689.
Johnston, Mr., on Zoo-
phytes, 603, 619.
Jones, Admiral Theo-
bald, collection of
fish-remains by, 771,

Jones, Mr. T. Rupert,
Monograph of the
Tertiary Entomos-
traca, 254, 350, 418 ;
Monograph of the
Cretaceous  Ento-
mostraca, 351; on
the ironstone of the
North Downs, 971,

Jones, Mr. Rupert, and
Mr. W. K. Parker,
on foraminifera, 334,

Jones, Prof. Rymer, on
the animal kingdom,
600.

on

Jorullo, 871.

Jukes, Mr.J. B., on
South Staffordshire
coal-field, 563 ; re-
ferred to, 708; on
coral-reefs, 635; on
Geology of Charn-
wood Forest, 902.

Jurassic, coal-field of
EasternVirginia,518;
formation, or general
view of the Oolite
and Lias, 489 ; lime-
stone, altered, 895 ;
or oolitic formation,
202.

K.
Kaolin, 883,

Kelloways Rock, 90\.

1003

Kemp-town, near
Brighton, remains of
Mosasaurus in chalk
at, 321.

Kent, bone from, 412;
fossii mammalian
remains in loam and
chalk - conglomerate
in the cliffs of, 136;
teeth of Mosasaurus
in chalk of, 321.

Kentish Rag, 301,316;
Iguanodon found in,
442 ; vegetable fos-
sils in, 327.

Kent’s Cave, near Tor-
quay in Devonshire,
osseous contents of,
‘described, 182 ; hu-
man remains in,183.

Kent’s Hole, near Tor-
quay, bones in, 137.

Kilauea, 866.

Killas of Cornwall,786,
899.

Kimmeridge clay, 497.

King, Prof. W., refer-
red to, 678 ; on Si-
gillaria, 678, 743.

Kirby, Mr., referred
to, 589.

Kirkdale,bones in cave
at, 137, 180.

Knorr, M., referred to,
512.

"Knorria, Silurian, 822.

Koh-i-noor diamond,

725.
Konig, Mr., referred
to, 576.
Kupfer-schiefer, 913.
Kyson, fossil monkey

found at, 263.
L.
Labyrinthodon, 552.
Labyrinthodont rep-

Nley, T

Toacosfine Asgudl. K



Lava, 207, 848; cur-
rents, 850, 851.

Law-of extinction,124.

Lea, Dr. 1., on fossil
footprints, 771.

Lead, 849, 908, 910;
mines of Derbyshire,
695.

Lee, Dr., collection of

Hartwell fossils, 497, -

Leidy, Prof., on creta-
ceous cetacea, 325.
Leiodon anceps, 321.
Leith Hill, 372.
Lemmings or Lapland
marmot, 188,
Leparia nivalis, 609.
Leperditia, 828.
Lepidodendron, 749.
Lepidotus of the Weal-
den, 423
Leptene, Devonian,
820 ; Silurian, 825.
Leptolepis * of the
Wealden, 424.

INDEX:
aum, 796, _ Lobster - 3 t:
od, 61; remaine of . Atherfisld, 349,
lmh’n& Lochaber, tatvaces of
676, 98%; table of Loewm of the Rhims
"mmﬁm. q-u uﬁmwg-
L, s, srigia of Tock m
Llokﬂyﬂﬂlz:l?. -
Lisbig, on forms- Logan stones .
tiom of coal, 731 w— Maniall,
um.gls; of the hs-d-‘?
. i + at Wool- Pyof., Neiles, 3873
wich, 945; .of the _ on the Weald, 46
: w-lnqn.io%w. . Loandon wad Brighte,
Lly-sha animals, & betwesn, 5;
Limi a0t - siam wells of 42
shales, 674. - London dlay, /;
Limestone (recent) of  basement bed o
the Bermudas, 88. 231; foesil skl
Limnea effilea, 248, from, 253.
Limuloides, 827. London, foesil bones
Lindfield quarries, 382 in beds of g
Lindley, Prof., referred near, 137; tertiary
to, 710. of, 227,
Lingula, Silurian, 825. Longmynd, or bottom

Linton or Ashburton rocks, 807.
group, 786, Lonsdale, Mr.,os &8

Lipari Isles, 843. - corals and bryosod
Liparus, from Aix, from the eocesessd
266. miocene strats o

North Americs, #5;
on Devonian fos
785; on the oolites,

Lister; Mr., or polypes,
612.

Lithareea Websteri,
246,

Lithographic stone of Loo Choo, coral-reefs
Germany, 511. of, 637. 1

Lithological characters Lower greensand, 301,
of the tertiary stra- 315 ; fossils of thes
ta, 213 ; structure of 326. 5
the Iguanodon coun- Lower, Mr. M. A., di*

, 486. covery of iron-
Lituola nautiloidea, gg Gthe Romans b

A%, .
Livy, quoted, ¥iA. \ower pntamerss




limestone, 821.
Lower secondary for-
- mations, 488.
Lower Silurian, 821,
Lu¢ina sulcata, 247.
Lulworth Cove, 396;

petrified trees in,

Lycia, cllmngés of level
in, 961.
Lyell, 8irC., classifica-
tion of the tertiary
strata, 210; disco-
very of fossils at
Pounceford by, 380 ;
remarks on the cre-
taceous strata of
New Jersey, 323;
on deltas, 388; on
the Siberian Mam-
moth, 152; on the
Val di Noto, 222;
- on Scandinavia, 116 ;
on the Loess of the
Rhine, 284; on the
trains of erratic
blocks in Massachu-
setts, 219; on ice-
bergs, 219; on terti-
ary lands and seas,
285 ; on rocks alter-
ed by granite, 901 ;
on drift-deposits,
217; on lava-cur-
rents, 850; on the
delta of the Ganges,
58 ; on the divisions
of the tertiaries, 215 ;
on the Isle of Arran,
897 ; on the geogra-
phical distribution of
animals and plants,
331; on hypogene
rocks, 206,915; dis-
tribution of animals
and plants, 33; on
. the Virginian coal-
fields, 518 ; on cre-

INDEX;

tiary seas, 211; on
freshwater beds at
Aix, 266; on the
Temple of Serapis,

106, 958; on the
country of the Igua-
nodon, 485

Lycopodiacee, 635.

Lymington, remains of
crocodiles in clay
near, 257,

Lyon, Mr. W., on the
coal of New Zealand,
708

Lytton, Sir E. Bulwer,
quoted, 857.

M.

Macacus eocenus of
Kyson or Kingstone,
264; plioceenus, of
Grays in Essex, 264.

M‘Cosh and Dickie,
on adaptations of
animals and plants,
592,

M<Coy, Prof. F., re-
ferred to, 708.

Macculloch, Dr.,on the
papyri of Pompeii,
858 ; on the parallel
terraces of Glen
Roy, 954; on the
‘Western Isles, 893.

Macellodus Brodiei,
394.

Macherodus latidens,
182

Mackenzie, Sir George
8., ““ Travels in Ice-
land,” referred to,
874; on the Gey-
sers, 94,

Macrauchenia, from
Patagonia, 172.

Macropoma Mantelli,
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Madeira, volcanic cliffs
at, 962.
Madrepore, 602, 624.
Meandrina  cerebri-
formis, 626.
Maestricht, 301 ; creta-
ceous strata near,de-
scribed, 318 ; Mosa-
sanrus discovered at,
319, 366 ; fungia in
limestone from, 330;
Retepora clathrata
from, 330,
Magdesprung, Silurian
plants of, 822.
Magnesian limestone,
565 ; formation, 203.
Maidstone, Iguanodon,
442 ; thickness of an
ancient alluvial silt
at, 149,
Malachite, 913.
Mallotus villosus (fos-
~ sil), 256.
Malpays in Mexico,
873.
Malvern Hills, struc-
ture of the, 815.
Mammalia, fossil, 136,
148,149,164; of Au-
vergne, 278 ; of the
Sub - Himalayahs,
162 ; of the tertiary
period, 259 ; tertiary
of Auvergne, 278 ;
from Stonesfield and
Purbeck, 394, 508 ;
from Stuttgart, 561 ;
from Carolina, 520.
Mamnmaliferous crag,
224, .
Mammoth, in frozen
gravel, 153; skele-
ton of, 153,
Mammoths of the allu-
vial deposits of Rus-
sia and Siberia, 155.
Mam Tor, strata of,

taceous cetacea, 325; 357, 361. - 677,
classification of stra- Macrorhyncus Meyeri, MWemidlha ofindshea,
ta, 200; on the ter- 432. AN 5, AR S
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licified stem of, 401,

Mantell, Mr. R. N,,
on Oxford Clay fos-
8ils,500; spiniferites,
discovered by, 312.

Mantell, Mrs., teeth
of Iguanodon first
found by, 436.

Mantell, Mr. Walter,
discovery of Nitornis
by, 128; on New
Zealand, 708.

Marble, Purbeck, 416;
Sussex,{,415; of
Tabreez in Persia,
77.

Marcou, M. Jules, on
Jurassic fossils in
N. America, 494.

Marine eocene shells,
247; lizards, 576;
reptiles of the Weal-
den, 427,

Marsupites, 662 ; Mil-
leri, in chalk, Brigh-
ton, 337.

Martin, Mr. J. P., on
theGeology of West-
ern Sussex, 385.

Martin, Mr. John,
painting of the
Country of the
Iguanodon by, 455.

Maryland, tertiary
strata of, 286; eo-
cene strata at, 323.

Mastodon, 262, 1961;
and other gigantic
quadrupeds at Big-
bone Lick,’in Ken-
tucky, 157; Arver-
nensis in Norwich
Crag, 160, 265;
elephantoides, from
Ava, 180; in Asia
Minor, 159 ; in Crag
of England, 159, 224,
965; in Europe, Asia,
and America, 159;
i Spain, 1593 in
Switzerland, 139

INDEX.

Ohioticus, North num, 338.
America, 160. Microconchus, 678.
Matlock Springs, 74.  Microlestes antiquusof

Mauna Loa, 866. .the Trias, 561.
Medina sandstone,821. Microscopic examins-
Mediterranean,osseous tion of fossil tress,

breccias on the

shores of the, 137,
Meek and Hayden, on

fossils from Nebras-

a, 325.

Megalichthys, 770,

Megalonyx, from Big-
bone Cave, 170.

Megalosaurus, 435 ;
Bucklandi, 436.

Megatherium, in allu-
vial deposits in the
Pampas, 167; col-
lection of bones of,
in the Hunterian
Museum, 165; Ame-
ricanum, restored
outline of the, 168.

Melanopsis tricarinata,
417.

Mellite, 724.

Melted quartz, 886.

Membranipora, 613.

Mendip Hills, osseous
breccias at, 137.

Mercury, 911.

Mesostylus Faujassii,
350.

Metalliferous veins,
907.

Metamorphic rocks,
206, 897 ; fossils in,
916.

Metamorphism of
rocks, 902,

Meteoric stones, 49.

Meyeria Vectensis,349.

Meyer, M. H. Von, on
the pterodactyles,
583; on the sauro-
batrachians, 552.

Mica, 206, 849, 883.

Mica-schist, 880, 881,
/R4, B0%5.

Micraster cor-ungu-

715,

Microzoa of the Chalk,
331.
Middle and lower

groups of the chalk
formation, 314,
Middle Silurian, 821,
Miliobatis, 225.
Millepora, 619.
Miller, Mr. Hugh, re-
ferred to, 29, 4%,
812,913 ; on theold
red sandstone and
its fishes, 786, &.
Millstone grit,
675.
Mineral composition of
rocks, 194; oil, 722
Miocene, or middle
tertiary, 210, 2l
216, 226.
Mississippi, delta of
the, 57.
Missouri, Upper, U.8,
remains of Mosasau-
ri at, 321.
Moa of New Zealand,
128.
Mode of disposition of
the Coal, 681.
Mollusca, 212, 4l4;
Devonian, 792; o
the Oolite, 528.
Molluskite, 415.
Monkeys, fossil, 262
Mont Blanc, height o,
35

Monte Bolca, fishes of.
255, 269 ; fossil tor-
pedo at, 255; ter
tiary strata of, 269

Monte Nuovo, 844.

Montgomery, Mr.
James, on coral-is-
\ends, Q4L




Montmartre, fossil bird
from, 257; fossil
mammals  from,
259; gypseous build-
ing-stone at, 257.

Moon, Mr. Bakewell
on the surface of the,
462.

Moore, Mr. C., refer-
red to, 523,

Morris, Prof. J.,on fos-
sil mammalia, 149;
on the oolitic rocks
of Lincolnshire, 503 ;
on the Collyweston
slates, 517; on in-
sects in the Lias,
523 ; on the forma-
tion of selemte, 544 ;
on microscopic exa-
mination of coal,717.

Mosasaurus,discovered
by M.Hoffman, 320;
gracilis, 321; Hoff-
manni, 319, 321 ;
model of, in British
Museum, 320 ; of the
Chalk, 366 ; remains
of, at Kemp-town,
near Brighton, 321 ;
at New Jersey, 321 ;
at Upper Missouri,
U.8,, 321; in Eng-
lish Chalk, 321; or
fossil reptile of the
Meuse, described,
319; stenodon, 321;

teeth of, in chalk of -

Essex, 321 in chalk
of Kent, 32l ; in the
cretaceous deposits
of Galicia, 321,
Moultne, Dr., on the
Guadaloupe skele-
ton, 87.
Mountain-chains, chro-
nology of, 919.
Mountain-limestone,
675, 693,
M;ﬁuntains, heights of,

INDEX.

Mount Dore, extinct
volcanos at, 275 ;
profile of, 276.

Mount Etna, 862.

Mount Washington,10.

Mullattoe, 894.

Miinster, Count, on So-
lenhofen deposits,
513.

Muschelkalk of the
Trias, 661.

Musk-buffalo from Si-
beria, 173.

Musk-ox, fossil, 133.

Muswell Hill drift, 221.

Mutations in the rela-
tive level of land and
sea, 117,

Murchison, Sir R. L.,
on the ancient lake
at (Eningen, 268 ;
on the Geology of
Russia and the Ural,
125, 220, 322; on
nummulitic rocks,
252 ; and SirCharles,
Lyell, on the fresh-
water formation of
Aix in Provence,
266 ; .on icebergs,
219; on the drift of
Staffordshire, 220 ;
on the Siberian mam-
moth, 156; on the
Cheltenham waters,
545; onthe Lower
Silurian rocks of
Sutherland, 917 ; on
the rocks and fossils
of the Silurian sys-
tem, 799 ; on Coal-
brook Dale, 677 ;
on the Metamor-
phic” rocks of the
Ural, 904 ; on the
Devonianrocks,785;
on the Tuscan fuma-
roles, 544 ; on the
Trias, 538, 539; on
extinetion of Speciey,
123; on the Permisn
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rocks, 566; on the
. Brora beds, 517 ; on
. the Scandinavian
drift, 156.
Mycetophila from Aix,
266.
Myliobatis in London
Clay, 255.
Mylodon, in alluvial
deposits in the Pam-
pas, described, 169.
Myrrhine vases, 696.
Mytilus Lyellii, 380,
418.

N.

Naimh-bim, 891.
Nangenoy meteorite,
49

Naphtha, 722.

Napoleonite, 901.

Native copper, 910;
iron, 911.

Nature of coal, 717 ; of
coal-deposits, 679 ;
of geology, 26 ; vol-
canic action, 839
zoophytes, 616.

Naumann, Prof, on
gneiss, 882.

Nautilus (Aturia) zic-
zac from London
Clay, 250 ; elegans,
343 ; imperialis, 249 ;
of the Chalk, 343 ; of
the tertiary, 249.

Nebraska, North Ame-
rica, fossils from,
325 ; cretaceous de-
posits at, 322.

Nebule, various states
of the, 44.

Nebular theory of the
universe, 41, 463.

Needles (Isle of
Wight), chalk strata
nearly vertical at the,
303,

Weeon, T\, themed

A0, ¥, |\
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Neogene rocks, 210,
Neozoic system, 925.
Neritina Fittoni, 417,
Nervous system, 596.
Newfoundland, gradual
rise above the sgea,

Newhaven, fossil oys-
ters of, 115; seed-
vessels, &c., in eo-
cene strata at, 245.

New Jersey, U. S., re-
mains of Mosasauri
at, 321 ; chalk strata
at, 323.

New red sandstone,

New Zealand, silicious
thermal waters of,
97; Apteryx of,127;
Moa of, 127 ; Notor-
nis of, 127 ; Dinornis
of, 129; Dodo of,
129; extinct birds of,
129 ; alluvial depo-
sits of, 560; fauna
and flora of, 938;
elevation of land in,
112, 961 ; lignite of,
708.

Niagara shales and
limestone, 82].

Niccolini, Signor, on
the Temple of Sera-
pis, 959.

Nice, osseous breccia
at, 188.

Nichol, Dr., on astro-
nomy, 46, 49.

Nile, delta of the, 59,
60.

Nillson, Prof., Lon-
chopteris Mantelliin
Sweden, 387.

Nomenclature of ge-
nera and spectes, re-
marks on the, 600 ;
of the Bryozoa, re-
marks on, 600.

Norfolk Island pine,
328, 402, 548, 1133

INDEX.

fossil, 392.
Norman, Mr., micro-
scopic preparations
by, 310.
North America, ter-
tiary strata of, 285.
Northampton, Marquis
of, on Foraminifera,
335.
Northern drift, 219.
North Stoke, ancient
British canoe at, 64.
Northwich, saliferous
strata of, 540.
Norwich Crag, 224;
Mastodon Arvernen-
sis in, 160, 965.
Notidanus microdon,
354.
Notornis of New Zea-
land, 127.
Norwood, oyster-shells
at, 231.
Nucleolites from the
Chalk, 338.
Nuggets of gold, 910.
Nullipores, 637, 644.
Nummulites, 250; in
the Pyramids of
Egypt, 251.

Nummulitic rocks,252.

Nuthetes

destructor,
436.

0.

Obliterated stratifica-
tion, 914.

Obolus, Silurian, 825,

Obsidian, 849.

Occurrence of fossil
mammals, birds, and
reptiles, 587.

Ocean, geological ef-
fects of the, 67 ; bed
og the, 68 ; depth of,
€

@m‘i\\geminsﬁ\ fox of,

2Ry deseription. o8
he ancient ke 3%,

268 ; fossils in the
marl-stone at, 268;
lacustrine deposit at,

Oldhamia of Bray
glz?d, Ireland, 809,

Old red sandstone,204.

Oligocene, 211.

Omphyma, §24.

Oneida conglomerate
of America, 821.

Onondaga salt-rocks,
821.

Oolite or roe-stone,
492 ;  geographical
distribution of, 493;
subdivision of the,
496 ; near Oxford,
499 ; period, 925.

Oolitic formation, 202.

Oolitic or  Jurassic
group, table of the,
496

Ophidians, 584, ™
Orbitoides  Mantelli,
252.
OrestonCave,near Ply-
mouth, osseous con-
tents of, described,
182.
Organic kingdom, suc-
_cessive changes of
the, 927 ; remains in
flint, 309; in lava,
860; in the meta-
morphic rocks, 916;
in the Wealden, 404;
of the Carboniferous
system, 709 ; of the
Chalk - formation,
323; of the Devo-
nian series, 790 ; of
the Eocene strata,
243 ; of the Jurassic
series, 526; of the
Silurian and Cam-
brian rocks, 821 ; of
Yoe Stonesfield slate,
WY oK W Ndes,
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ed of,952; structure,
608 ; and inorganic
bodies,differences of,
594. .
Organization of vege-
tables, 700.
Organ-pipe coral, 631.
Oriental ruby, 905.
Origin of rock - salt,
541,

Orizaba, 871.
Ornithoidichnites, 557.
Ornithorhyncus  of

Australia, 577.
Orthis, Silurian, 820,
8

Orthoceras, Carboni-
ferous, 763.

Orthoceratites, Mid lle
Silurian, 820.

Osmeroides,357; Man-
telli, in chalk, 360.

Osseous breccia, 137,
185, 188; of Aus-
tralia, 189.

Ostend, Norfolk, mam-
maliferous crag at,
226.

Osteology of the car-
nivora, 139; of the
herbivora, 141.

Ostrza deltoidea of the
Oolite, 497 ; distorta,
418,

Ousf-, the valley of the,
6

Owen, Prof., on British
fossil mammalia, 151,
185, 172, 226, 262,
264 ; on fossil oxen,
134; on the cretace-
ous reptiles, 442 ;
on the Eocene rep-
tiles of England, 256,
257; on the Weal-
den Iguanodon, 441;

- on the Wealden Che-
Jonia, 426 ; on the
fossil reptilia of
Britain, 433, 436,

442 ; on South Ame-

INDEX.

rican fossil mamma-
lia, 172 ; on the Me-
gatherium, 167, 168 ;
on concurrence of the
remains of insects
and small mammals
at Purbeck, 513 ; on
the fossil mammalia
of Stonesfield, 508 ;
on the Labyrintho-
don, 552,

Oxen, fossil, in the
post-tertiary deposits
of Great Britain, 133,

Oxford-clay, 499, 676.

Oxford-oolite, or coral-
rag, 497.

Oxide of iron, near
Bolney, in Sussex,

Oyster-bed at Bromley
in Kent, 231.

Oyster-shells at Head-
ley in Surrey, 231;
Norwood, 231 ;
Reading, 231.

P.

Peestum, temples of,
75.

Palewechinus, carbonif-
erous, 762.

Paleoniscus, 569 ; su-
perstes, 551.

Paleontology, princi-
ples of, 138.

, Paleosaurus, 570.

Paleotheria, 261, 262.

Paleotherium mag-
num, 259, 261 ; me-
dium, 261; minus,
259, 261.
Palazozoic or Prim
system, 203, 925.
Palermo, fossils of,
222.

Palms, leaves and
stems of, in \ertiary
strata, 244.
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Palm, fossil trunk re-
lated to, at Soissons,
244.

Paludina elongata, 416.

Paludine of the Weal-
den, 415 ; fluviorum,
415 ; Sussexiensis,
415,

Pampas, Mr. Darwin,
on the alluvial depo-
sits in the, 165.

Papandayang, 864.

Parallel terraces of
Glen Roy and Lo-
chaber, 954,

Parasmilia centralis,
330.

Paris, Dr., on the form-
ation of recent sand-
stone in Cornwall,
92, 468, 469; on
Logan-stones, 951.

Paris, fossil mammalia
of, 258 ; tertiaries,
eocene shells of, 247;
fresh-water shells of,
248; tertiary basin
of, 227.

Parish, Sir Woodbine,
collection of bones of
Megatherium by,
165,

Parka decipiens, 787,
790

Parker, Mr. W. K.,and
Mr. Rupert Jones,
on recent and fossil
foraminifera, 334.

Parker, Rev. Samuel,
on a modern sub-
merged forest, 403.

Parkinson, Mr., on the
soft parts retained in
fossil corals and cri-
noids, 654.

Pattison, Mr. S. R., re-
ferred to, 785.

Pavonia, 625.

Peach, Mr. C, discax~

ery el m Dae
 xondmte oy, W
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discovery of fossils
in Sutherland by,
917.
Pear-encrinite, 662.
Peat-bogs, 65 ; with
coal, 66.
Pecten Jacobeeus, 223.
Pectunculus angusti-
costatus, 247,
Pelorosaurus of the
Wealden, 428,
Pennatule, 629.
Pentacrinites, 550, 663.
Pentacrinus, recent,
655.
Pentameri, middle 8i-
lurian, &20.
Penthetria, insect from
Aix, 266.
Pentremites, carboni-
ferous, 762.
Pentremites and Cys-
tidea, 658, 666.
Perennibranchiata,
553

Permian and Trias
formations, 203, 535,
562.

Permian period, 925;
series of Germany
and Russia, 566.

Permian rocks, 676.

Perne of the Oolite,
497.

Petersburg, Virginia,
infusorial marls of,
286.

Petherwin beds, 673.

Petrifaction by flint,
102; of vegetables,
726.

Petrified  forest
Portland, 398,

Petroleum, 723.

Petteridge Common,
in Surrey, fossil
bones in beds of gra-
vel at, 137, 173,

Peysonnel, Mr.,

of

on

INDEX.

. ary strata of Italy,
210.

Phillips, Prof. J., coal-
beds of the York-
shire Oolite, 514; on
the Geology of York-
shire, 493; on Juras-
sic fossils, 526; on
earthquakes, 877;
on the Permian
group, 535; on me-
talliferous  veins,
907 ; on the Stones-
field slate, 506; on
the crinoids of York-
shire, 659; on boul-
der-drifts, 220; on
cleavage, 835; on
the Geology of De-
von, 785; on the
Oolites of Yorkshire,
503.

Phlegrean Fields, 843.

Physa Bristovii, 414.

Pichincha, 872.

Pictet, M., and M.
Humbert, on fossil
reptiles, 575,

Pictet, M., on the di-
luvial - deposits  of
Geneva, 210; on
fossil fishes, 256.

Pictou, coal of, 690.

Pine-trees, fossil, 401.

Pinites protolarix, 713.

Pinus succinifer, 245.

Pisolite or peastone,
492,

Pitchstone, 849.

Placoid fishes, 352.

Placopsilina irregula-
ris, 335.

Plagiaulax, 394.

Platemys  Mantelli,
426.

Planets, 44.

Planorbis cylindricus,
248 3 euomphalus,
R,

in Eocene strata,
244; from Chalk-
strata of Aix-la-Cha-
pelle, 329; from
Chalk-strata of Bo-
hemia, 329; from
. Chalk-strata of Sax-
ony,329; fromChalk-
strata of ‘Thuringis,
329 ; Permian, 57 ;
Devonian, 790.
Plaster of Paris, 543.
Plastic clay, 230.
Platinum, 911.
Playfair, Dr., on the
Gulf Stream, 71 on
Huttonian theory,
104, 215, 954.
Plesiosauri  of the
Oolite, 497.
Plesiosaurus, 579; of
the Chalk, 367 ; of
the Wealden, 427,
Pleurotoma dentata,
247.
Pleurotomariz, of the
Oolite, 497.
Plieninger, Dr., of
Stuttgart, on Trias-
sic mammalia, 561.
Pliny, account of an
eruption of Vesu-
vius, 857.
Pliocene beds of Sici-
ly, 221.
Pliocene, upper ter-
g;;y beds, 210, 211,

) Pliopothecus antiquus,

Plumbago, 726.

Plutonic rocks, 206,
897.

Plymouth, osseous
breccias at, 137.

Pcecilopleuron, 432.

Polygonal prisms in ba-
salt, 889.

{reshwater,

TAywe,
TPlantg, Prof. Shhman, N,

Zoophytes, 603. on fossl, 185 foss) Poypiern o s,

Philippi, M., on terti-

a -



601, 618.
Polyptychodon, 367,
Pompeii, 856.
Popo-catepetl, 871.
Porambonites,Silurian,

825.
Porcelain-earth, 883.
Porifera or sponges,

602

Porpl;yritic dykes,
897, 899; rocks,
873.

Porphyry, 880, 883,

Portland, dirt-bed at,
395; erect fossil
trees in dirt-bed at,
399; oolite, 496;
petrified forest of,
398 ; sand, 496 ; sec-
tion of a quarry in
the Isle of, 399; the
Isle of, 396.

Portlock, Gen. J. E.,
on Devonian rocks
of Ireland, 784.

Posidonomya minuta,
549.

Post-tertiary deposits,
200, 208.

Potash-granite, 898.

Potsdam sandstone,
825.

Pounceford in Sussex,
‘Wealden at, 370.

Precious stones, 905.

Preservation of a bed
of ice under lava,
859.

Prestwich, Mr. J., on
Coalbrook Dale,678
on the London Clay,
210, 230, 232; on
the Bagshot sands,
235; on the water-
bearing strata of
London, 236; on
Alum Bay, 239,

Prévost, M. Constant,
on the Paris basin,
229; on Graham’s
Island, 875.

INDEX.

Primary period, 203 ;
rocks, 37.

Primrose Hill, fossil
shells from London
Clay at, 253; Nau-
tilus from, 250.

Pristis, teeth of, from
Goldworth Hill, 234,

Proboscidea, Dr. Fal-
coner on the, 963.

Proteus of Adelsberg,
78.

Protichnites, 828,

Protogine, 883.

Pseudocrinites, 82.

Pterichthys Milleri,
796.

Pterodacty]es, 581
and birds of the
Wealden, 452; in
chalk, 367.

Pterygotus, Devonian,
793 ; Silurian, 824,
832;]1. i

Ptychodus polygyrus,
%54, s

Pudding-stone, Hert-
fordshire, 10
Pumice, 850.
Purbeck beds, describ-
ed, 385; coves in
the south-west of
the Isle of, 395;
formation, 202 ; Isle
of, 392; marble, 416.
Puy de Come, 273;
de Dome, 273; de
Parion, 273.
Puzzuoli, subsidence
of the coast at, 470.
Pycnodus, 424.
Pyramids of Egypt,
nummulites of, 251.
Pyrites, 908.
Pyrometer, 105.

Q.

Quadrumana or mon-
keys, 263.
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Quartz, 881, 883, 908.
Quartz-rock, 886.
Quekett, Prof. J., on
spicula of sponges,
4,

604.
Quicksilver, 911.
Quorry, Mr. Lander,
e, 59.

R.

Radiolites Mortoni,
from chalk, 341.
Ralft, fossil, in the Isle
of Wight, 391.
Rafts, on the Missis-
sippi, 391.
Railway - section to
Brighton, 373.
Railway-sections, 494.
Raised sea - beach at
Brighton, 112.
Ramphorhyncus, 583.
Ramsay, Prof. A. C.,
on the Bunter, 536;
on the Permian La-
byrinthodon, 552 ;
on the Permian
bréceia, 565 ; on the
Isle of Arran, 898.
Ransome’s artificial
stone, 99,
Raphiosaurus, 367.
Rauchwacke, 563.
Reade, Rev. J. B, on
diatomaces in mica,

918 ; microscopic
investigations by,
310, 312, 917,

Reading, oystet-shells
at, 231.

Recent plants classi-
fied, 734 ; sandstone

of Cornwall, 91 ;
limestone of the
Bermudas, 83.

Reconsolidated gra-
nite, 900.
RNed cor), SN | wwyg,
WA



of the Jurassic sys-
tem, 53l; of the
‘P}‘etgim, 968 ; ogf
e Tertiary period,
256; of the Trias,
551; of the Weal-
den, 424; Prof. Silli-
man on fossil, 19;
review of the Age
of, 586.
Retepora clathrata,
from Maestricht,

330.
Retrospect of the geo-
logical periods, 924.
Reuss, Prof. A., on
fossil entomostraca,

Reversed strata, 816,

Review of the hypo-
gene rocks, 914; of
the lower Paleozoic
series, 836.

Rhine, extinct volcanos
of the, 281, 393,

940 ; of Carrickfer-

gus, 940,

Rocks and strata, ar-
rangement of, 37,
200; composed of
animal remains,932 ;
destruction of, by
carbonic acid gas,
79 ; mineral compo-
sition of, 194.

Rodentia, skull and
teeth of, 144.

Roe-stone or Oolite,
492,

Roebuck and rein-
deer in France and
England, 173, 174.

Roemer, Prof., on the
Wealden, 376, 388,

Rogers, Prof. Henry,
on the Cennecticut
sandstones, 558 ; on
the cretaceous de-
posits of Wew Jer-

ey, 3N ; on tha -

taceous strata I,
322; fossil mam-
malia of, 148 ; Mam-
moths of thealluvial
deposits of, 15.

8.

Salamandra, 553.

Saliferous strata of
Northwich, 540;
tertiary  deposit,
289, Pt

Salter, Mr. J. W,, o8
annelides in the
Longmynd, 808 oo
fucoidal markings,



rate of Bristol, 563.
Sandown Bay, bones

from, 412; chalk-

strata in, 303. "

Sands of the inferior
Oolite, 520.

Sandstone, 896; in
Cornwall, formation
of recent, 91 ; recent
formation of, 468;
ripple-marks on,
372, 382.

Sandstones, shales,and
coal-bedsof Virginia,
9558.

Sapphire, 905.

Sardinia, osseous brec-
cia at, 188.

Sarsden-stone, 231.

Saturn, telescopic view
of, 46.

Saull, Mr W. D re-
ferred to, 773.

Saurillus obtusus, 394.

Sauro-batrachian rep-
tiles, 552.

Sauroids, 356.

Saxony,  cretaceous
strata in, 322 ; plants
from chalk-strata of,
329.

Scacchi, Signor, on the
Temple of Serapis,
959,

Scales of the four
groups of fishes, 351,
352.

Scandinavia, elevation
of, 115; boulders

transported  from,
219.
Scandinavian drift,220.
Scaphites, 346.

Scar-limestone, 674,

Schafhautl, M., refer-
red to, 953.

Scheerer, M., referred
to, 950.

Schimper, M.,on crus-
taceans of the Trias,

o

JNDEX.

Schists, 834. .

Schlotheim, Baron, re-
ferred to, 550.

Schrieber, M., on aero-
lites, 51.

Schulz, M. F., on de-
tection of vegetable
structure in lignite,
716.

Scolithus linearis, 822.

Scotland,  Silurian
rocks of, 806.

Scouler, Dr., referred
to, 132

Screw-stones, 659.

Scrope, Mr. G. P., on
the excavation of
valleys by streams
and rivers, 280 ; on
the Geelogy of Cen-
tral France, 274,
293} on gneiss, 882
gZO 3 on volca.nos,

Sea-beach at Brighton,
raised, 112.

Sea-fan, 628.

Sea-pen, 629,

Secondary epoch, 201,

Secondary formations,
299; subdivisions of,
§(8)0, 300; rocks,

Section from Herts to
Sens, in France,227 ;
of a cliff on the Sea
of Azof at Taganrog,
155.

Sections on railways,
494.

Sedgwick, Rev. Prof.
A., on the magne-
sian limestone, 965 ;
on Permian fishes,
569; on the Yore-
dale rocks, 692 ; on
the Devonian rocks
and fossils, 785; on
the Cambrian series,
799; on cleavage,
835 ; on the Whin-
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sill, 896; on inter-
mittent  plutonic
agency, 921
Seed-vessels, &c., in
eocene strata  of
Alum Bay, Hord-
well, Bournemouth,
and Newhaven, 245.
Seed-vessels, Silurian,

822.
Selenite, 232, 2140,
543

Selenium, 849.

Semnopithecus men-
spessulanus, 263 ;
pentelicns, 263.

. Senft, Dr. F., referred

to, 672.
Sensation and nervous
system, 596.
Sepia or cuttle-fish,
described, 342.
Septaria, 79, 232, 233.
Sequence of geological
changes, 455.
Serapis, Temple of,
106, 958.

Serpentine, 882,

Serpents, 584.

Serpule of the Coal-
beds, 678.

Sertularia, 619.

Sertularide, 602

Sewalik Hills, in the
North of India, fos-
sil zoology of, 163.

Shadbolt,Mr., on Xan-
thidia, 313.

Shalcomb Down, sec-
tion from Brook
Point to, 390.

Shales, 834.

Sharks, teeth of, in
chalk, 354.

Sharpe, Mr. D., on
Verticellipora, 647;
on Devonian rocks,
785; on cleavage,
835

Shels, fesil, WA, &
A, ARTORTY WS,
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211, 246; of the
Chalk, 340; of the
Oolite, 502; of the
Wealden, 413 ; of
the Carbomferous
system, 762.

Shelly limestone, 897.

Sheppey, Isle of, 233 ;
crustaceans from
London clay in,253 ;
marine eocene shells
at, 247 ; organic re-
mains in, 233; re-
mains of chimeroid
fish at, 255.

Shingle, elevated beds
of, 115.

Siberia, alluvia of,148 ;
fossil mammalia of,
148 ; skeleton of the
Mammoth, or Ele-
phas  primigenius,
imbedded in frozen
gravel in, 153; and
Russia in the mam-
moth - epoch, 1956 ;
musk-ox from, 173.

Sichon, slaty rocks of
the, 704.

Sicily, pliocene beds

of, 221.

nglllnrn 735,741,822,

Silex,artificial sol\mon
of, 99.

Silicious deposits, 92 ;
thermal waters of
New Zealand, 97.

Silicification, 102, 727 ;
or petrifaction of
vegetables, 730.

Silliman,Prof., on coal,
6; on lignite, 6 ;
on marble, 7; on
metals, 8; on Mount
Washington, 10; on
the Geology of Ame-
rica, 10; on fossil
fishes, 18; on fossil
plants, 18; on fos-
8il reptiles, 19.

INDEX.

on corals, 638.

Silurian and Cambrian
rocks, 798; of the
British Isles, 804;
of Europe and Ame-
rica, 819.

Silurian  formation,
205; strata of Staf-
fordshire, 809 ; fos-
sils, 821; plant re-
mains, 821; zoo-
phytes, 822; ‘mollus-
ca, 825; crusucea,
827 ﬁshes, 832;
period. 926.

Silver 907, 910.

Siphonotreta, Silurian,
825

Site of the country of
the Iguanodon, 484,
Sivatherium, skull and
bones of, 164.
Skeleton of the Mam-
moth, or Elephas
primigenius, imbed-
ded in frozen gravel
in Siberia, 153 ; fos-
sil human, 85.
Skull of the horse 141 ;
of wild-cat, 140.
Skye, oolite-rocks of,
517 trap-dykes in,
897.
Slate-cleavage, 835.
Slate-districts, 897.
Slates, characters of,
506, 834; of creta-
ceous age, 916; of
tertiary age, 916.
Slickensides, 696.
Sloth tribe, in alluvial
deposits in the Pam-
pas, 166,
Smerdis minutus, from
Aix, 265.
Smith, Mrs., fossils col-
lected by, 329.
Smith, Mr, James, on
the Temple of Sera-
Pis, 900,

fossils collected by,
from Muswell Hill,
221 ; Hyposodon ob-
tained by, 357; on
ventriculites, 602,
647.

Smith, Rev. Dr. Pye,
refen-ed.to 29, 47.

Snowdon, stnu. of,
818.
Soda-granite, 898.

Solar system, forma—
tion of the, 44, 45.

Solfatara, Lake of (he e
76, 463, 844.

Solvent power of Water s

Somerville,Mrs.,on the==
elevation of the Chi——
lian coast, 112; or—
the origin of aéro——

- lites, 50.

Sorby, Mr. H. C., oe==2

the microscopic
structure of crys——
tals, 882, 948, 953 3
on cleavage, 835 ; o=
granite, 950.

Southbourn in Sussex >

remains of rhinoce——
ros and hippopota—
mus from, 173.

South-east of England =
Geology of, 370.

Sowerby, Mr., referred
to, 528.

Spalacotherium, 394.

Sphenopteris Mantelli =

Spinax major, 355,

Spines of echinites »
328.

Spiniferites in flint »
311, 313 : palmatus »
312 ; Reginaldi, 313 -

Spiriferi, Devonian,

Spirorbis, 826.
Spondylus spinosus,

illiman, Prof., jun.,, Smih, Mr. 'Yo\\\m\\\, %ngm KR, S



chalk, 329.

Spratt, Capt., referred
to, 961.

Springs, incrusting,73 ;
nature of, 235 ; ther-
mal, of Iceland, 93;
of New Zealand, 97,

Staffordshire, Silurian
strata of, 809.

Stalactites and
verns, 77, 466.

Stalagmites and ca-
verns, 77, 466.

Stanniferous gravel,
910.

8tar-fishes of theChalk,

337.

Star-leaf plant, 738.

State Geologists,U. 8.,
321.

Steam, 839,

Stewart, Mr.,, on the
Volcano of Kilauea,
869.

Stigmaria, 735, 743.

Stinkstein, 562,

Stokes, Mr. C., on fos-
sil wood, 728.

Stonesfield slate, 506 ;
organic remains of
the, 507.

Stone, Wealden strata
at, 403,

Strata, altered by con-
tact with basalt, 893;
chronological ar-
rangement of, 199 ;
synopsis of, 200;
composed of organic
remains, 932; dis-
placed, 197 ; fossili-
ferous, 200.

Stratification explain-
ed, 196.

Stratified quartz-
rocks, 886.

Streams and rivers, the
effects of, 55.

. Stream-tin, 910,

Streptospondylus, 429,

Strickland, Mr. H. E.,

ca-

INDEX.

on fossil insects,
530 ; on the Trias,
538

Strombech,Baron Von,
on the Encrinus mo-
niliformis, 550.

Structure of Ben Ne-
vis, 923 ; of crystals,
883 ; of slate-rocks,
833, 835; of the
crinoidea, 655; of
the earth, 3l; of
volcanic mountains,
846

Strzelecki, Count, on
Australia, 708; on
Kirauea, 870,

Studland Bay, 393.

Stutchbury, Mr., on
Australia, 708.

Sub-Apennine forma-
tions,mammalian re-
mains in the, 136.

Sub-Apennines, Age of
the, 223.

Subdivision of the De-
vonian series in
Herefordshire and
Ireland, 783; of the
Oolite, 496 ; of the
‘Wealden, 384; Isle
of Wight, Wealden
strata, 389.

Sub-Himalayan ter-
tiary deposits, 162,
163; remarkable
collocation of fossil
animals in, 164.

Submarine volcanos,
874.

Subsidence and eleva-
tion of the Temple of
Serapis, 106, 840 ;
of the coast of Puz-
zuoli, 470,

Subsulphate of alu-
mina, 240.

Subterranean forests,
67.

Successive changes in
the organic ¥ing-
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doms, 926, 929.

Successive epochs of
mammalia, 278.

Suchosaurus cultri-
dens, 430.

Sudden elevation of
mountain masses,
920.

Suffolk, fossil mamma-
lian remains in Crag
in, 136 ; or lower-
most Crag, 224.

Sulphide of iron, 908 ;
of lead, 910 ; of sil-
ver, 910.

Summary of volcanic
phenomena,876,879 ;
of the geological
phenomena of Au-
vergne, 279,

Superficial drift, 137.

Surrey, fossil bones in
beds of gravel in,
137.

Sussex, changes in the
coast of, 460 ; fossil
mammalian remains
in the cliffs of, 136 ;
iron-works of, 386;
marble, 415.

Sutherland, Dr. P. C.,
on icebergs, 219.

Swabian Alps, 185.

Swanage Bay, section
across, from Ballard
Down to Durlstone
Head, 393 ; Ento-
mostraca discovered
near, 419 ; fossil cro-
codile, 431.

Swindon, dirt-bed at,
403

Syenite, 883.
Symonds, Rev. Mr., on
the fossils in the
Keuper, 551.
Synopsis of the divi-
sions of the Tertiary
system, 215,
Fysteon K e,
)\ -
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Taganrog Cliff, on the
Sea of Azof, section
of, 155.

Taggart, Rev, Mr., dis-
covery of fossil foot-
prints in the Isle of
Wight by, 382,

Talc, 883.

Talcose schists, 887.

Tate, Mr. G., on the
c:;boniferous flora,
719.

Taylor, Mr. R., water
in mines, and the
effects of rain, 56 ;

. on plants in coal-
shale, 6Y1.

Teeth, allied to the
" Cestracion, in chalk,
355; of elephants,
143 ; of Iguanodon,
436, 438; of ro-
dentia, 144; of
sharks, from chalk,
354; structure of,

141,

Hants, 227; of
London, 227; of Pa-
ris, 227 ; of the Isle
of Wight, 227 ; beds
of Maryland, 286}
classification of the,
. 210, 371; crusta-
ceans, 253; depo-
sits, 38 ; epoch, 200;
fishes of, 254; ex-
tinct volcanos of Au-
vergne, 272.
Tertiary fishes, 253 ;
formations, 209,370;
fossils, 246; mam-
malia, 258; period,
924 ; reptiles, 256;
saliferous  deposit,
289; shells, 211;
strata at Aix, 264;
distribution of, 214 ;
lithological charac-
ters of, 213 ; of Eu-
rope, 285; of North
America, W5 5 ol the

Andes, 281 | volcanoa

Toadstones of Derby:
shire, 895,
Tooth of Megalosaurus,

435; of the
primigenius, 101,

971 ; of the Grest
Mastodon,158; Mas-
:otion elephantoides,
6

Topping, Mr,, micro-
scopic preparations
by, 310.

Torbane Hill coal, 718.

Torpedo, fossil, 255.

Tortoise, fossil, from
(Eningen, 269.

Tortoises, bones of, it
eocene beds, 256.

Tortula cerevisia, 609

Touraine, miocenestra*
ta of, 262,

Toxodon, the, descrid-
ed, 172.

%m:yw, 849. -
rachytic d

e e



Transformation of ex-
isting rocks, 877.
Transition rocks, 37,

819.

Transmutation of me-
tals, 913.

Trap, 88.

Trap-dykes in the Isle
o}) Skye, 896; of the
Carboniferous series,
698

Trap of Dudley, 895 ;
of the Malvern, 895.

Trappean rocks, 207.

Trap-rocks and trap-
dykes of the Carbo-
niferous series, 698.

Trap-rocks of the Clent
Hills, 811.

Travertine, 74.

Trees, fossil, of the
Wealden, at Brook
Point, 390.

Tree-tooth fish, 797.

Trembley, Abraham,
of Geneva, on the
hydra, 608,

Trentonlimestone, 821.

Tretosternon  Bake-
welli, 426.

Trias and Permian,
geographical distri-

. bution of, 537 ; for~
mations, 535.

Triassic mamtmals,
561 ; formation, 203 ;
penod, 925.

Triconodon, 394.

Trigonia of the Oolite,
499,

Trilobites, 829; casts
of, in metamorphic
rock, 901; middle
Silurian, 820 ; visual
organs of the, 831.

Trionyx, 426; ferox,
574; incrassatus,243.

Trochites, 658.

Trochocyathus Keeni-

i, 330.

& o
Trogontherium of the

INDEX,

Crag, 226.

Trotter, Mr. Robert,
fossil crocodile at
Swanage, 431 ; dis-
covery of Lepidotus
by, 423.

Truncatuline of the
London Clay, 252.

Tubipora, 631.

Tuffa, calcareous, 74.

Tunguragua, 872

Tunicats, 601,

Turbinolia, 623.

Turner, Dr., on petri-
faction, 728.

Turrilites  described,
341, 346 ; costatus,
from  ch.lk-marl,
340.

Turtles or Chelonian
reptiles, 573 ; and
tortoises, fossil, 574 ;
fossil, in chalk, 367 ;
of the Wealden, 425;
remains of, from
Harwich, 257 ; from
Sheppey, 257.

Tuxtla, 871,

Tyndal, Prof. J., on
glaciers, 72.

u.
Uddevalla, foasils from,
Underclay of the Coal,

Unger, Prof., referred
to, 710.

Univalve shells of the
‘Wealden, 413,

Unio Valdensis, 417.
Upheaval of the sea-
coast of Chili, 840.
Upper Greensand, 301,

315 ; silicified fossils
of, 326 ; of Ireland,
894,
Upper  Penlamerus
limestone, 821 3 Tex-
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tiary, or Pliocene,
glb or Red Crag,

Upright  Calamites,
690; fossil trees,
399, 403; at Wolver-
hampton and St.
Etienne, 688 ; in the
Coal-measures, 686 ;
of Nova Scotia and
Cape Breton, 689.

Ural Mountains, 904.
(See also Russia.)

Ursus priscus, from the
Cave of Gaylenreuth,
178 ; speleeus, 178,
225

Utica'slate of North
America, 821

V.

Val d’Arno, fossil bones
of the, 137, 172,

Val del Bove, 865.

Val di Noto, 222.

Vale of Wardour, 387 ;
Leptolepis found in
the, 424.

Valley of , Woolhope,
818.

Valleys formed by run-
ning waters, 2
Valparaiso, elevation of
the coast at, 111.
Vapour, 839.
Vegetable cell, 710, -
Vegetable remains and
coal-ghales, 691.
Vegetable remains in
the Oolite, 526; of
the Cretaceous sys-
tem, 327; Silurian,
822; rocks compos-

ed of, 932.
Vegetable structure,
712.

Vems. 850, 896, 898 ;

& wenwm \mm\
soete, Wy WA



Volcanic agency, 104 ;
rocks, 207, 897 ; re-
- gions of Auvergne,
278; and Hypogene
rocks, 838 ; cone,
844 ; products, 848 ;
peaks, 849 ; tuff, 851.
Volcano of Kilauea,
866 ; of Jorullo, 871,

Volcanos, tertiary, of

France,270; extinct,
at Mount Dore, 275 ;
extinct, of the Rhine,
281.

Voltz, M., referred to,
548,

Voltzia, 548.

Voluta Faujasii, 341,
Vorticelle, 616,

w.

Wardour, in Wiltshire,

the, 384, 385; of the
Isle of Wight, 389 ;
of the Isle of Pur-
beck, 393 ; organic
remains in the, 404 ;
plants of, 405 ; ferns

- of, 405 ; coal of, 405 3

‘cycadeous  plants,

- 407 ; fossil shells of,

413, 417; marbles
of, 415; crustaceans
of, 418; cyprides,
419 ; insectsof, 421 ;
fishes of, 422; rep-
tiles of, 424; Lepto-

- lepis of, 424 ; marine

reptiles of, 426; Tre-

- tosternon of, 426;

turtles of, 426; Ce-
tiosaurus of, 427;
Plesiosaurus of, 427;
P e\orossnrus of AT,

fossils from Mus
well Hill, 221.
‘Weyer's Cave,in North
America, 78, 466.
‘Whale, fossil, of Brigh-
ton, 150.
‘Whewell, Prof., onthe
solar system, 47.
‘Whin-rock, 888.
Whin-sill of Yorkshire,
698, 890.
White Chalk and the
Chalk Downs, 303,

304.
Whitecliff Bay, %%
; marine
shells at, 247.
‘White, Mr, H. H,, o8
spiniferites, 312.
‘White Mountains, Ne¥
Hampshire, 821.
White Rock, Hasting

4%8; crocodilisntep- 3N 5, Arewiy Kb



Miss Jane Allnutt,
379.

Wight, Isle of, fresh-
water tertiary shells
at, 249 ; section from
London to, 374 ; Ge-
ology of, 303, 385 ;
Clathraria from, 409,
410 ; Iguanodon of,

440.

Wild cat, skull of, 140.

Wilkinson, Sir G., on
Egypt, 91.

Wilkinson, Mr. S. J.,
on recent and fossil
Xanthidia, 313.

Williamson, Prof. W.
C., on foraminifera,
334; on the origin
of the coal - beds,
686,

‘Willingdon, in Sussex,
Zamiostrobus from,

328.
‘Wing-fish, 796.
‘Wissenbach slates,786.
Witham, Mr. Henry,
on fossil vegetables,

‘Wood in flint, 308.

‘Wood, Mr. Searles, on
Crag mollusca, 225 ;
on the ironstone of
the North Downs,
971 ; fossils collect-

INDEX.

ed by, at Hordwell,
242, 256.

Wood-tin, 910.

‘Woodward, Mr. 8. P.,
on the Hippurilide,
342; on the Cottes-
wold Hills, 504; on
the cephalopoda,
342; on mollusca,
212, 764.

Woolwich, in Kent,
brown-coal in the
Tertiary at, 245.

‘Worm-tracks, 808.

‘Wrekin, the rocks of,
813.

‘Wright, Dr. T., on Ju~
rassic echinoderms,
528 ; on the inferior
oolite sands, 520.

X.

Xanthidia, recent and
fossil, 312.

Xanthidium, 311.

Xiphodon gracile, 259.

Y.
Yellow sandstone of

Ireland, &c.,673,785,

791,
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Yoredale rocks, 674.

Young, Dr. F., and
Mr. F. Simmonds,
discovery of a boul-
g;; in the Chalk by,

Z.

Zamiostrobus crassus,
407 ; from near Wil-
lingdon in Sussex,
328

Zamites crassus, 413;
Sussexiensis, 328.

Zechstein, 563,

Zeuglodon in eocene
deposits of America,
286

Zine, 908.

Zoantharia, 602.

Zoology of the Chalk,
329, 481; of the
‘Wealden, 483.

Zoophyta and radiaria
of the Qolite, 527.

Zoophytes, 599; ani-
mal nature of, 603 ;
and echinoderms of
the Carboniferous
system, 761 ; Devo-
nian, 791; of the
Jurassic formation,
648 ; of the tertiary,
246 ; Silurian, 8
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